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Preface 



Surgical infections are infections that develop in surgical patients. 
They may develop before the operation or occur postoperatively. 
In fact, many surgical infections arise in patients who have not 
undergone an operation or who do not need one. Using such a 
broad definition, surgical infections form an integral and signifi- 
cant part of any general, thoracic, and vascular surgery practice. 
We believe that the best infectious disease specialist for the sur- 
gical patient is the educated surgeon. 

The concept of source control encompasses all of those physical 
interventions - surgical and otherwise - that are used to treat in- 
fection. Although source control is one of the most important 
aspects of the treatment of serious infection, it is a topic that in 
the past has received relatively little attention. Our goal, in this 
book, is to correct this deficiency. This project grew out of an in- 
itiative of the Source Control Working Group of the Surgical In- 
fection Society (SIS) and almost all contributors are members of 
SIS or SIS-Europe. Each of the individual chapters - which cover 
general aspects of source control, as well as source control for 
specific conditions and anatomical sites - is followed by a balancing 
invited commentary by another expert. A certain amount of 
overlap is inevitable in such a multi-authored book; however, the 
many opinions expressed here reflect the dimensions of consensus 
and controversy in the field. 

This book is aimed principally at the practicing surgeon and 
surgical trainee, but will also be useful to the non-surgeon who 
takes part in the care of infected surgical patients in the intensive 
care environment, as well as to the infectious disease specialist. 

The most potent antibiotics, and the best supportive care, are 
meaningless if principles of source control are not adhered to with 
obsessiveness. 



Moshe Schein, Bronx, New York 
John C. Marshall, Toronto, Ontario 



October 2002 
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1 Introduction 



John C. Marshall, Moshe Schein 



As long as surgical infections exist, surgeons must make never- 
ending efforts to control them. It may be described as a time when 
science and art can absolutely prevent bacteria from gaining a foot- 
hold in the human body and can abruptly terminate their activity, 
if they have already become established. 
{Frank L Meleney, 1889-1963). 



Most of the interventions that we use in the routine management of infection are 
recent innovations. Principles of hemodynamic resuscitation and support trace 
their origins to the work of such pioneers as Alfred Blalock in the early twentieth 
century, who established that shock reflected an absolute or relative intravascular 
volume deficit, rather than a severe fright [1]. The antibacterial activity of peni- 
cillin was identified by Fleming in the 1920s and agents with antimicrobial 
activity were used in the treatment of peritonitis during the early decades of the 
twentieth century [2]. But specific antimicrobial therapy did not become prac- 
tical until World War II and the ensuing decades [3-5]. Successful modulation 
of the host response that infection elicits remains a largely unfulfilled dream, - 
although recent promise has been shown by a variety of strategies [6, 7]. 

The surgical management of infection dates to antiquity. Evidence of trephi- 
nation has been identified in skulls that are upwards of 10,000 years old and the 
management of abscesses and infected wounds was well-codified in the medical 
practice of the Egyptians, Babylonians, Greeks, and Romans. Ambroise Pare in 
the fifteenth century undertook the first empiric comparisons of the manage- 
ment of infected wounds and the drainage of intracavitary abscesses had become 
an accepted practice even before the microorganisms that caused them were 
identified in the mid-nineteenth century. Incision and drainage of an appendiceal 
abscess was recorded in 1530, while the first definitive management of appendicitis 
by appendectomy appears to have been accomplished by Groves in rural Canada 
in 1883 [8], almost 50 years before the discovery of penicillin. 



The Scientific Basis of Surgical Source Control 

Source control of infection has a long and enduring history of empiric efficacy, 
yet it has been little studied in well-designed randomized trials and the princi- 
ples of its application are implicit, rather than explicit. The reasons for this are 
many. A large number of medical therapies whose introduction predates the 
widespread acceptance of clinical research have never been subjected to the 
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rigorous analysis of a randomized, controlled clinical trial. Surgical procedures 
such as appendectomy or Caesarean section are accepted unquestioningly be- 
cause they make sense and because clinicians believe, not without reason, that 
patients benefit from their use. With a few important exceptions deriving from 
common diseases where the rationale for surgical intervention maybe questioned 
[9, 10], it is unlikely that randomized controlled trials comparing interventional 
to noninterventional strategies will be undertaken. 

However, the formal evaluation of specific approaches to source control is also 
confounded by the nature of the decisions that must be made [11]. Clinical trials 
compare populations of patients, but source control decisions must be made for 
the individual patient, in whom factors such as diagnostic uncertainty, physio- 
logical stability, premorbid health status, previous surgical interventions, the 
surgeon’s experience and skills, and the availability of operating time and sup- 
portive care combine to create circumstances that are unique to a single patient. 
The approach to the management of a patient with a diverticular abscess, for ex- 
ample, may well differ in a previously healthy patient with localized findings on 
physical examination and CT scan when compared to the management of the same 
problem in a patient who has had a prior renal transplant and a history of peri- 
toneal dialysis. In the former, either percutaneous catheter drainage or resection 
and primary anastomosis are reasonable options, whereas in the latter, the optimal 
choice may be a Hartmann procedure. And we hear the voices of those who 
question this assertion: they only serve to underline the truism that surgical 
decision making is based on the marriage of evidence from clinical studies, 
inferences from biology, and the elusive element of surgical experience. 

This book, we hope, combines these three elements. We have recruited an in- 
ternational group of authors who are acknowledged leaders in the field of surgical 
infectious diseases. We have challenged them to integrate evidence with experi- 
ence and an understanding of biology to create overviews that will help the cli- 
nician who must make the difficult decisions. And we have kept them honest by 
asking a second group of equally eminent commentators to provide supporting 
or alternative views - in essence to recreate the kind of dialogue that takes place 
between clinicians discussing a difficult problem. 



What Is Source Control? 

Constructive dialogue presupposes agreement on the meanings of the words 
used (Table 1). We have used the phrase “source control** throughout this book 
for all those physical measures that are undertaken to eliminate a focus of infec- 
tion, to control ongoing contamination, and to restore premorbid anatomy and 
function [12]. While many of these interventions are surgical procedures, the scope 
of source control includes such nonsurgical interventions as the radiologically 
directed drainage of intracavitary abscesses, the removal of colonized urinary or 
vascular catheters, and the removal of devitalized tissue through the use of dress- 
ing changes. 
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Table 1. Definition of terms 


Source control 


All physical measures that are undertaken to eliminate a source of 
infection, control ongoing contamination, and restore premorbid 
anatomy and function 


Sinus 


An abnormal communication to an epithelially lined surface 


Fistula 


An abnormal communication between two epithelially lined sur- 
faces 


Abscess 


A fluid-filled collection of tissue fluid, tissue debris, neutrophils, 
and bacteria, contained within a fibrous capsule 


Drainage 


The creation of a controlled sinus or fistula 


Debridement 


The removal of devitalized tissue, foreign bodies, or other adju- 
vants for bacterial growth 



Principles of Source Control 

Source control is the applied biology of inflammation. Its foundations lie in the 
optimal harnessing of the processes of inflammation and tissue repair to expe- 
dite the resolution of infection. Its principles are three: 

1. Drainage of abscesses 

2. Debridement of nonviable or infected tissue 

3. Definitive management of the anatomical abnormality responsible for on- 
going microbial contamination, so that normal function and anatomy are re- 
stored 



Drainage 

Local activation of inflammation results in a coordinated series of biological re- 
sponses that serve to bring cells of the innate immune system, predominantly 
neutrophils, to the site of infectious challenge, and to isolate the resulting me- 
lange of microorganisms and host immune cells from the rest of the host. The 
cardinal manifestations of inflammation - rt/fcor, fwmor, calon doloVy and functio 
laesa - reflect local increases in blood flow and in capillary permeability that fa- 
cilitate the trafficking of neutrophils to the site of injury. Changes in endothelial 
cell expression of adhesion molecules and reciprocal changes on recruited neutro- 
phils favor neutrophil localization and emigration into the tissues at the site of 
challenge [13]. Local activation of coagulation, supported by macrophage-derived 
cytokines, circulating coagulation factors, reduced endothelial anticoagulant 
activity, and upregulation of tissue factor on local macrophages all serve to con- 
vert fibrinogen to fibrin, creating a barrier between the host and the mixture of 
tissue fluid, neutrophils, bacteria, and cellular debris that reflect the local battle 
being waged [14]. The result is an abscess, its contents contained within a fibrous 
capsule. Formation of an abscess effectively isolates the microbial challenge from 
the systemic circulation. But it also isolates it from the further influx of host 
immune cells or antibiotics. 




4 



J.C. Marshall and M. Schein 



Drainage provides egress to the exterior for the contents of the abscess, con- 
verting a contained collection to a controlled fistula, if there is internal communi- 
cation with an epithelially lined surface, or sinus if there is not. Thus the drainage 
of an abscess is simply the creation of a controlled sinus or fistula. Several self- 
evident inferences can be made from this observation. First, drainage alone will 
only be successful in those circumstances when the creation of a controlled sinus 
or fistula is possible; drainage of the free peritoneal cavity is not possible, nor will 
drainage alone suffice if the contents of the collection to be drained include solid 
necrotic tissue in addition to liquid pus. Secondly, the prosthesis used to create 
the controlled sinus - the drain - must permit free flow of the abscess contents 
to the exterior; soft Penrose drains maintain a potential space, but they do not 
produce a well-controlled sinus. Third, if the objective is simply to create a con- 
trolled sinus, then the intervention that accomplishes this end with the minimum 
of risk and physiological derangement to the patient is the best therapeutic option; 
usually this means an initial attempt at percutaneous drainage. Fourth, with 
modern imaging techniques, virtually all collections of clinical significance can 
be visualized preoperatively, and many of them adequately drained. Finally, while 
it can be difficult to resist the urge to operate, particularly in an unstable and ill 
patient, the act of surgery itself accomplishes nothing more than the creation of 
controlled sinuses or fistulae and the removal of dead tissue, and the operation 
should be limited to this objective. 



Debridement 

Devitalized tissue and extravasated blood provide an excellent culture medium 
for microbial growth, protected from circulating phagocytes or antibiotics by 
virtue of the lack of a blood supply. Similarly, the presence of a foreign body 
greatly increases the risk of developing an established infection [15]. Debride- 
ment is the process of removing nonviable tissue, and, by extension, foreign bodies 
or devices that promote bacterial growth. Where principles of drainage eliminate 
the fluid components of an infection, those of debridement are directed against 
its solid components. 

Early in the course of a process that creates tissue injury, the demarcation 
between viable and nonviable tissue may be far from absolute. Areas of frankly 
necrotic tissue may be found in larger islands of viable tissue, or tissues may 
appear ischemic, but be potentially salvageable. The problem of distinguishing 
viable from nonviable tissue, and the consequences of failing to do so reliably, can 
create significant clinical dilemmas. When necrotic tissue is on the surface of the 
wound, and the technique of debridement is gentle (for example the use of wet- 
to-dry saline dressings) the dilemma is obviated. Surgical debridement of necro- 
tizing soft tissue infections is somewhat more challenging, as the surgeon tries 
to remove all necrotic tissue, but to minimize the resulting defect and so make 
reconstruction easier. Bleeding from viable tissues is readily controlled when it 
occurs in the skin or muscle, and so a decision is generally made to err on the side 
of removing viable tissues, rather than to fail to debride necrotic material. Serial 
evaluation and debridement facilitates surgical decision making. The excision of 
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necrotic bowel is more complex again, particularly when the cause of the com- 
promised state is venous thrombosis or a low flow state. The benefits of resection 
must be weighed against the consequences of loss of bowel length, and are usually 
best resolved by a planned second-look laparotomy. Finally peripancreatic retro- 
peritoneal necrosis is remarkably well tolerated, while blind exploration in the 
retroperitoneum carries a significant risk of provoking uncontrollable hemor- 
rhage: delayed debridement has become the preferred management for patients 
with suspected infected necrosis. 

Similar principles underlie the decision to remove an infected foreign body. 
When the foreign body is a urinary or vascular catheter, the risks are minimal; 
when it is an infected aortic graft or heart valve, they are not. 



Definitive Management 

Infections requiring source control measures typically arise because of a definable 
anatomical lesion - perforation of an appendix or duodenal ulcer, a bullet wound 
to the esophagus, or a colonized joint prosthesis, for example. The ultimate aim 
of therapy is to restore function with the least risk and to correct the abnormality 
that created the infection. 

Once again, the optimal decision must weigh the long-term benefits and the 
short-term risks. Excision of a perforated appendix is a relatively straightforward 
undertaking, and so removal of the focus of infection by appendectomy is the 
standard approach to the management of appendicitis. But for the patient with 
long-standing symptoms and a well-circumscribed appendiceal abscess on CT 
scan, the safer procedure may be percutaneous drainage, followed at a later date 
by appendectomy. On the other hand, the physiologically unstable patient with 
multiple gunshot wounds to the colon is best managed by damage control alone, 
leaving reconstruction to a later date. Anticipating the long-term needs for re- 
construction, and making the appropriate decisions that will ultimately facilitate 
these, is the hallmark of an experienced surgeon and directs such decisions as the 
siting of stomas or the placement of incisions. 

Time and Mother Nature are the surgeon's two greatest allies, and many a 
seemingly impossible situation can be converted to one that is merely a challenge 
by careful patience. 
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2 The Biological Rationale 

David L Dunn 



Key Principles 

• Host defenses are occasionally incapable of combating the introduction of 
microbes and establishment of infection, particularly when a large number of 
microbes are present or host defenses are diminished, or when an ongoing 
source of microbial contamination exists. 

• Source control consists of: 

a) reduction or eradication of the primary source of microbial inoculation or 
established infection, and 

b) prevention of the ongoing introduction of microbes. 

• Inadequate source control increases morbidity and mortality as much as seven- 
fold. 



General Approach 

The nature of the interaction between microbes and the mammalian host has be- 
come increasingly well understood. Host defenses are categorized as physical 
barrier (integument, endothelium), humoral (antibody, complement), cellular 
[phagocytic leukocytes (polymorphonuclear, macrophages); T and B lympho- 
cytes], and cytokine^ (molecules which serve as regulatory intercellular signals 
within the local tissue milieu). Many areas of the body (skin, gut) harbor an ex- 
tensive microbial flora that is capable of providing an initial microbial inoculum 
when physical barriers are diminished or breached (for example, during a sur- 
gical procedure). Under normal circumstances endogenous host defenses are 
capable of containing and eradicating substantial numbers of microbes at a site 
of local tissue invasion or infection. Inability to contain infection or the ongoing 
introduction of microbes at a local tissue site can result in: 

• Local spread of infection 

• Metastatic infection at one or more tissue sites (due to hematogenous spread) 

• Severe systemic infection associated with widespread activation of host defen- 
ses and cytokine release (sepsis syndrome). 

Host defenses act to prevent microbial invasion, or, once invasion has occurred, 
to limit microbial proliferation in an attempt to eradicate, or at least limit, in- 
fection to a localized site of disease. The presence of serious infection at a spe- 
cific body site, however, presents a precarious situation. Large numbers of pro- 
liferating microbes, widely breached or diminished host defenses, ongoing 
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introduction of microbes, or all of these factors in concert may result in infection 
that spreads beyond the confines of the initial site. Thus, control of an existing 
source of contamination and/or infection is a critical factor in the management 
of surgical infection. But what is the evidence to support this contention? 

The dictum that pus should be drained antedates modern surgery, and for cen- 
turies this principle was most commonly applied to obvious subcutaneous abs- 
cesses. However, prior to the advent of antimicrobial agents, nineteenth century 
surgeons (e.g., McBurney, Mikulicz) recognized that intra-abdominal sources of 
infection due to appendicitis or rupture of a hollow viscus were associated with 
very high mortality that could be diminished by surgical removal of the inciting 
source. The surgical treatment of appendicitis in the late nineteenth and early 
twentieth centuries provides a cogent example of the critical importance of sour- 
ce control, since other treatment modalities (fluid resuscitation, hemodynamic 
monitoring, antibiotic administration) were not available. As late as the 1930s, 
emergent operation for appendicitis was not routine in the United States, and it 
was not infrequent that perforation occurred leading to an uncontrolled source 
of infection. This process was associated with >15 deaths per 100,000 individuals, 
and appendicitis was the 15th most common cause of death in the nation. Yet 
within three to four decades, during which time immediate operation became the 
standard of care for appendicitis, the attendant mortality had fallen drastically 
to -0.7 per 100,000 persons [1]. 

For some time most surgeons have agreed that effective source control is of 
paramount importance in fighting surgical infection, and that all other forms of 
treatment are secondary. Intriguingly, despite the large number of clinical trials 
performed to examine the impact of antimicrobial agents on the incidence of in- 
fection after surgery, until recently little effort has been expended to investigate 
the impact of effective control of the initial source of infection. Recently, a series 
of retrospective and prospective clinical trials have been performed observing 
many different outcome parameters among patients who develop intra-abdom- 
inal infection. These studies have served to elucidate the importance of source 
control in modern therapeutic regimens. 

Many of these trials initially provided descriptive information. For example, 
Grunau and colleagues examined the clinical course of 48 patients who deve- 
loped postoperative intra-abdominal infection and observed a mortality of 19% 
among 37 patients in whom infection was eliminated, while mortality was 100% 
in the subgroup of 11 individuals in whom the source of infection persisted [2]. 
Similarly, Solomkin et al., noted similar outcomes among patients who were 
treated for established intra-abdominal infection: regardless of antibiotic regi- 
men, patients in whom source control was not successfully established exhibited 
significantly higher mortality (45%) compared to those in whom the source of 
infection was contained or eradicated (6%) [3]. Subsequently, infection-scoring 
systems have been employed that correlate underlying host diseases, etiology, lo- 
cation, extent, and severity of intra-abdominal infection with clinical outcome. 
Elimination of the source of infection at the time of surgical intervention has been 
deemed a “successful operation”, and has been shown to closely correlate with 
survival. Wacha and colleagues showed that source control improved survival in 
a prospective, multicenter study involving 355 patients (p < 0.001) [4]. Similarly, 
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a recent retrospective analysis of 258 patients with diffuse peritonitis indicated 
that mortality decreased substantially in a subgroup of patients in whom source 
control was achieved (13%) when compared with a subgroup of patients in whom 
it was not (26%) [5]. 

The biological principles underlying source control as the mainstay of thera- 
py for surgical infections have been best demonstrated using experimental ani- 
mal models of intra-abdominal infection. In most models, established infection 
is created either by the introduction of microbes in a fibrin clot, or by ligating a 
portion of bowel that contains large numbers of microbes (e.g., cecal ligation and 
puncture) (see Chap. 3). Ahrenholz et al. demonstrated that the introduction of 
microbes into the rodent peritoneal cavity without other substances leads to bac- 
teremia and high mortality within 2-3 days. However, microbial sequestration 
resulting from implantation of the same number of microbes within a fibrin clot 
was associated with a lower mortality occurring later (-7-10 days). Mortality was 
completely prevented by removal of the infected fibrin clot during the incipient 
stages of infection, that is, by efficient source control [6]. 

Peritoneal host-microbial interactions have been examined in considerable 
detail, allowing investigators to extrapolate the sequence of events that occurs 
during clinical infection, as well as the interplay between host defenses and 
microbial armaments [7]. For example, after spontaneous perforation of the sig- 
moid colon during an episode of diverticulitis, large numbers of aerobic and ana- 
erobic bacteria enter the normally sterile peritoneal cavity. Specialized peritone- 
al diaphragmatic lymphatics on the underside of the diaphragm provide rapid 
transit from the peritoneal cavity to the bloodstream via the thoracic duct, re- 
sulting in bacteremia in some patients. Local or diffuse peritoneal contamination 
occurs depending on the extent of initial soilage and the ability of resident host 
defenses to contain the infection. These defenses consist of macrophages, poly- 
morphonuclear leukocytes, and inflammatory fluid that enter the peritoneal 
cavity as a result of the initial interaction between microbes and microbial cell 
wall compounds with host complement, immunoglobulin, and resident leuko- 
cytes. 

Macrophages secrete proinflammatory cytokines such as tumor necrosis fac- 
tor-a, interleukin-i, interleukin-6, and interleukin-8, all of which enhance the 
phagocytic and microbicidal properties of other phagocytic cells within the 
local milieu and recruit additional phagocytic cells to the site of invasion and 
infection. The protein-rich inflammatory fluid contains fibrinogen and pro- 
thrombin, and the latter protein catalyzes fibrinogen polymerization into fibrin, 
a process that is capable of sequestering large numbers of microbes. Ileus and 
omental containment also serve to sequester infection. If these defenses are 
able to prevent ongoing soilage from the gut, the most likely outcome is the 
appearance of one or more intra-abdominal abscesses. Abscesses, in turn, are 
associated with bacteremic episodes, inanition, and bowel obstruction. Should 
ongoing gut soilage or abscess formation take place without mechanical inter- 
vention such as surgical exploration or percutaneous drainage, the uncontrol- 
led infection is likely to lead to death. Although some types of trivial local in- 
fection (e.g., furuncles, simple cellulitis) may be amenable to antibiotic therapy 
alone, these remain the exception rather than the rule, and serious infections 
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within a body cavity invariably require effective source control subsequent to 
diagnosis. 



Controversies 

Preoperative Preparation 

Although the preoperative preparation of the surgical patient prior to operative 
intervention typically has not been considered a form of source control, some of 
the maneuvers could be construed as such and therefore should be mentioned. 
Specifically, preoperative skin preparation using a topical microbicide, mechani- 
cal bowel preparation with concurrent administration of intraluminal anti- 
microbial agents, and immediate preoperative skin preparation of both the 
operative field and the hands of the surgeon serve to reduce the potential for 
microbial contamination of the wound once the physical barriers of the inte- 
gument and/or an endothelial barrier (such as of the gastrointestinal tract) are 
breached. Initial clinical studies examining surgical site infection rates among 
patients undergoing elective colonic resection provided evidence that mechani- 
cal preparation of the large bowel along with oral antibiotics, which together 
serve to reduce the intraluminal colonic microflora by 3-5-fold, reduced infec- 
tion rates from ~40%-6o% to ~8% [8]. Thus, certain standard maneuvers can 
be viewed as a form of source control, in that an attempt is made to reduce the 
potential initial inoculum prior to host physical barriers being breached. 



Nonoperative Treatment of Intra-abdominal Infection 

The acceptance of nonoperative management of sigmoid diverticulitis with con- 
tained perforation by percutaneous drainage and antibiotic therapy represents a 
significant change in surgical practice. Previously, many patients who developed 
these problems underwent two or three separate operations - initial abscess drai- 
nage, subsequent resection and creation of a stoma, and finally an operation to 
restore bowel continuity. It is now well accepted that some patients fare well with 
initial percutaneous drainage and antibiotic therapy, followed by a one-stage ope- 
ration with resection and primary colonic anastomosis [9]. However, even with 
nonoperative intervention, source control remains of paramount importance. 



Critical Factors and Decision Making 

Surgeons routinely attempt to tip the balance between host defenses and micro- 
bial invasion in favor of preventing or treating infection. Control of the initial 
source of infection and prevention of ongoing contamination is of critical im- 
portance, and is clearly associated with improved outcome. Other modalities, 
albeit important, must represent second-line therapeutic options that will not 
cure infection without effective source control. 
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Invited Commentary 

Ronald V. Maier 



The biological rationale for source control is, indeed, a fascinating and challen- 
ging concept. Dr. Dunn in this introductory chapter has concisely iterated the 
major concepts and beliefs underlying the rationale for efficient and effective 
source control of infectious processes. A major implication of this overview is 
that primary surgical source control remains unproven by prospective random- 
ized controlled trials (RCTs) and, as such, is in large part an empiric act of faith. 
In contrast, as cogently stated, there have been seemingly unlimited prospective 
randomized trials investigating the impact of improvements in the secondary 
components of source control, such as antibiotic selection. However, these se- 
condary issues are not the critical issue in most cases. In fact, the ethical accep- 
tability of such trials is based on the presumed near equivalence of expected out- 
comes. In most cases, adequate surgical debridement or mechanical elimination 
of infected tissues or contaminated devices will suffice for a cure. Unfortunately, 
there have been very limited Level I prospective RCTs to clearly define the true 
contribution and importance of mechanical source control to subsequent mor- 
bidity and mortality. In addition, the extent of debridement and approach (e.g., 
open vs. closed) have been minimally investigated. And, because of the ethical 
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dilemma inherent in the use of a control group when mortality is the end point 
in these potential trials, they are unlikely to ever be performed. 

The importance of source control for surgical infectious disease has been ap- 
parent empirically for millennia. While definitive supporting data are limited, 
there are even fewer to make us question our beliefs. In addition, recent investi- 
gations into the immunologic and inflammatory response of the host to infec- 
tious challenges have identified the biological basis underlying the subsequent 
host morbidity and mortality. In animal models, source control by removal of the 
infectious focus in toto is the treatment that best modifies the host’s pathophy- 
siologic response to the disease process and improves survival. Similarly, the in- 
fectious source and deleterious host response can rarely be controlled by anti- 
biotics alone, while surgical or mechanical intervention is frequently curative. 
While the size of the inoculum is important, and correlates directly with risk for 
infectious progression, more important is the speed and completeness of me- 
chanical control of both inoculum source and duration of inoculum exposure, as 
the critical components for both minimizing the biological response and impro- 
ving survival of the host. For example, survival from a transmural colon injury 
varies greatly depending upon the efficiency and expediency with which control 
of soilage and repair of the injury to prevent persistent or recurrent contamina- 
tion is achieved. Currently, our focus is on the diagnosis or recognition of a po- 
tential exposure to an infectious process with either a preemptive or expedient 
total or near-total eradication of the bacterial load. With this tenet achieved, 
along with assistance from fastidious hygiene and a plethora of antibiotic com- 
binations, the deleterious biological processes involving the host’s endogenous 
innate immunity can be controlled to provide the lowest morbidity and best 
chance for survival. 

Thus, swrgzca/ or mechanical control of the infectious focus, while itself nonbio- 
logical, determines the extent of the host's biological response to the disease. Im- 
portantly, the concept is not one of operation versus non-operation, but of the me- 
chanical resolution of the focus involved, whether this be: an extensive operative 
debridement and drainage; a minimally destructive laparoscopic procedure; a 
percutaneous closed evacuation of the infectious focus; or merely an opening of 
wounds to drain and cleansing of contaminated tissues. The principle is to era- 
dicate all disease where the bacterial inoculum has gained the upper hand in over- 
coming host resistance for further tissue invasion or systemic dissemination. 

While not mentioned explicitly, the major remaining challenges in the appli- 
cation of source control are how to construct experimental and clinical protocols 
to best define the biological response to infection and how to achieve adequate 
but not excessive, functionally destructive source control. Future research needs 
to address the following unanswered issues in source control: 

• How do we determine the appropriate extent of what is frequently very de- 
structive excisional therapy? The challenge is to provide adequate removal of 
infected tissue while minimizing functional loss; e.g., treatment of necrotizing 
fasciitis without major tissue loss or amputation. When is closed drainage via 
intervention radiology or laparoscopy adequate to avoid the morbidity of open 
surgery; e.g., treatment of infected ischemic pancreatitis without major organ 
resection? 
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• How do we best use our secondary adjuncts for therapy? Which antibiotics are 
best and for which condition? How important are tissue levels? Does preven- 
tion of toxin production or toxin neutralization require different antibiotic 
doses or drugs (e.g., antibodies to toxins)? Do select antibiotics or inadequate 
doses of antibiotics potentially increase the release of bacterial breakdown 
products and toxins, causing an enhanced host pathologic response and in- 
creased morbidity and mortality? Are other pharmacologic approaches focu- 
sed on controlling the host immuno-inflammatory response equally important 
as antibiotic bactericidal activity? 

• And we need to develop methodology for on line monitoring of the host im- 
muno-inflammatory state as a critical determinant in outcome. Using survival 
as our sole determinant is no longer appropriate and excessively delayed. We 
need techniques to monitor the host’s immediate biological response to inter- 
vention to optimally guide therapy; e.g., critical markers are selected cytokine 
levels or the activation state of the cells of innate immunity, namely, macro- 
phages and neutrophils. With better markers of the host’s biological response, 
we will be best able to define the optimal combination of surgical and nonsur- 
gical intervention for control of the infectious challenge. While the remaining 
challenges are great, the rewards are unlimited. 



Editorial Comment 

Dr. Dunn mentions preoperative bowel preparation with antimicrobials as a 
“source control” measure. He does so within the section on controversies but 
does not discuss it as a controversy. However, the value of mechanical colonic pre- 
paration has never been scientifically proven and not a few recent prospective 
randomized trials showed that nonpreparation might be associated with a better 
outcome than mechanical preparation [i]. The North American enthusiasm for 
administering intraluminal antimicrobial agents to decrease the concentration of 
colonic bacteria is based on studies which compared intraluminal antibiotics to 
no antibiotics at all in the control group [2], or compared intraluminal anti- 
biotics to an inadequate, narrow spectrum agent given to the controls [3]. In a 
European trial one-dose prophylaxis with an adequate systemic agent proved 
superior to intraluminal erythromycin and neomycin [4]. Currently, British and 
European surgeons omit intraluminal antibiotics. 

We agree with Dr. Dunn that “nonoperative management of sigmoid diver- 
ticulitis with contained perforation by percutaneous drainage and antibiotic 
therapy represents a significant change in surgical practice” but wish to stress 
that small peridiverticular abscesses [5], as well as appendicular abscesses [6] 
will completely respond to antibiotic therapy - not necessitating a surgical in- 
tervention for source control at all. 

As both Dr. Dunn and Dr. Maier emphasize, the control of an active source and 
evacuation of contained and noncontained pus are life-saving measures. But 
within the immense continuum of conditions, which represent varying degrees 
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of surgical contamination and infection, there are entities which should be best 
treated with the knife “on hold” - as discussed in the individual chapters of this 
book. 
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3 Experimental Models of Source Control 

Ping Wang, Irshad H. Chaudry 



Key Principles 

• Various animal models such as for endotoxemia,endotoxic shock, or bacteremia 
have been used to study the pathobiology of sepsis, and such models provided 
useful information regarding the mechanism of cell and organ dysfunctions 
under those conditions. However, those models do not permit control of the 
source of infection. 

• A number of investigators have used cecal ligation and puncture (CLP) in va- 
rious species to produce polymicrobial sepsis. The CLP model of sepsis mimics 
many features of clinical peritonitis, including the progressive changes in car- 
diovascular responses (i.e.,an early hyperdynamic phase followed by a late hy- 
podynamic phase). 

• The CLP model of sepsis is associated with cellular dysfunction (such as hepato- 
cellular depression) and upregulation of proinflammatory cytokines (such as 
TNF). Furthermore, the ligated and punctured cecum can be excised at various 
intervals to serve as a source control model of sepsis. Such a model can be used 
fortesting pharmacological agents In the management of sepsis. 



General Approach 

The complex pathophysiology of sepsis is becoming better understood as more 
studies are being reported [i-6]. Through such studies, information might be 
forthcoming which will lead to better management of the septic patient. 

Various animal models of such conditions as endotoxemia, endotoxic shock, 
or bacteremia have been used to study the pathobiology of sepsis and such mo- 
dels provide useful information regarding mechanisms of cell and organ dys- 
function under conditions of systemic challenge [4-6]. However, those animal 
models may not simulate the progressive cardiovascular changes of polymicro- 
bial sepsis - an early hyperdynamic phase followed by a late hypodynamic phase 
- which often occur in the clinical setting. The model of cecal ligation and punc- 
ture (CLP) produces polymicrobial sepsis [4, 5, j-9]> that mimics many features 
of clinical peritonitis [4, 5, 7, 10, 11]. Various species of animals have been used for 
producing sepsis by CLP, including the rat [7], mouse [12], sheep [13] and dog [14]. 
In the rat, CLP with two punctures in the ligated cecum with an 18-gauge needle, 
followed by crystalloid resuscitation is associated with an early hyperdynamic 
phase (characterized by increased cardiac output, increased tissue perfusion, 
decreased vascular resistance, and increased oxygen delivery and consumption). 
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followed by a late hypodynamic phase (characterized by decreased cardiac out- 
put, reduced tissue perfusion, increased vascular resistance, and decreased oxygen 
delivery) [7, 11, 15]. The early hyperdynamic phase of sepsis occurs 2-10 h after 
CLP, while the late hypodynamic phase of sepsis occurs 16 h or later after CLP [7, 
11, 15]. Thus, the CLP model of sepsis permits one to study animals during both 
the hyperdynamic and hypodynamic phases, and to study the mechanism res- 
ponsible for the transition one to the other. This model of sepsis is associated 
with a mortality of 94% at 48 b after CLP [7]. Although the typical model of CLP 
produces acute sepsis, a chronic state of sepsis can be induced by reducing needle 
size for punctures and/or the number of punctures in the ligated cecum, or by 
providing chronic fluid resuscitation [8]. CLP results in immediate and constant 
drainage of cecal bacteria into the peritoneal cavity in the presence of devitalized 
tissue and thus bears an obvious resemblance to disorders such as perforated ap- 
pendicitis and diverticulitis. The CLP model of sepsis in small animals such as 
the rat and mouse is simple and inexpensive. Moreover, the Ugated and punctured 
cecum can be excised after the onset of sepsis to serve as a source control model. 

Hepatocellular depression occurs as early as 1.5 h after CLP and persists up to 
20 h despite the maintenance of normotension [11, 16]. The depression observed 
during the early stage of sepsis does not appear to be due to a reduction in he- 
patic blood flow or to alterations in the hepatic microcirculation [11]. The asso- 
ciation of elevated circulating levels of proinflammatory cytokines such as TNF 
with hepatocellular dysfunction [11, 16] during early hyperdynamic sepsis may 
suggest a cause and effect relationship between the two events. This is further 
supported by the finding that infusion of TNF at a dosage which does not decrea- 
se cardiac output and mean arterial pressure, produces significant depression in 
hepatocellular function with a marked elevation in plasma IL-6 levels [17]. Thus, 
observations derived from a clinically relevant animal model such as CLP sug- 
gest that TNF may be responsible for the depression in hepatocellular function 
observed during early sepsis. 



Controversies/Limitations 

Severe hypotension follows the administration of a large dose of endotoxin; how- 
ever, CLP is characterized by biphasic cardiovascular response - an early hyper- 
dynamic stage followed by a late hypodynamic stage of sepsis. The mortality of 
CLP can be reduced by using a smaller needle or by puncturing the ligated cecum 
only once [7]. Continuous intravenous fluid administration prolongs survival time 
and reduces the mortality rate to 40 % at 5 days after CLP [8] . Moreover, the ligated 
and punctured cecum can be excised at specific intervals following CLP, after 
which the peritoneal cavity can be irrigated with warm saline to remove/control 
the site of infection. Furthermore, transgenic animals devoid of a particular cyto- 
kine gene can be used for discerning the contribution of a specific mediator dur- 
ing sepsis. Since intestinal flora is dependent on types of diet, one can modify the 
septic responses by changing the cecal flora, for example by the use of meat rather 
than grain diets. Young rats have been used to investigate the impact of maternal 
milk following CLP or during endotoxemia. The results indicate that while the 
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Table 1. Other experimental models of surgical infection 



Reference 


Species 


Nature of the model 


Comments 


Ozmen V et al. 
(1993) [20] 


Rats 


Peritoneal implantation of 
gelatin containing different 
quantities of a premixed 
slurry of filtered human fecal 
materials 


Irrigation with normal saline, 
saline-cephalothin or ozonated 
saline can be used as source 
control 


Ahrenholz DH, 
Simmons RL 
(1980) [21] 


Rats 


Peritoneal implantation of 
bovine fibrin clots containing 
E. coli (2 X 10®). Operative 
debridement of the fibrin 
completely eliminated 
abscess formation in 
surviving rats 


Radical peritoneal debridement 
ay reduce the septic compli- 
cations of peritonitis and thus 
serves as source control 


Nelson JL et al. 
(1999) [22] 


Rats 


Peritoneal implantation of 
a bacteria-filled osmotic 
minipump for continuous 
release of bacteria 


Due to the nature of the 
ongoing peritoneal sepsis, this 
model may not be used for 
source control 


Kinasewitz GT 
et al. (2000) 
[23] 


Baboons 


Fibrin clot containing 
1.9-6.7xlO'^CFU/kgwas 
introduced into the peritoneal 
cavity 


The cardiovascular, hemostatic 
and immunological responses of 
baboons with sepsis exhibit a 
variable course that resembles 
the clinical manifestations of 
Gram-negative sepsis in humans 


Fink MP, 
Heard SO 
(1990) [4] 


Various 


Intravascular infusion of 
bacteria 


This model does not permit 
source control. 


Mela-Riker L 
et al.(1988) 
[24] 


Rats 


Subcutaneous injection of 
E. coli (10^ colony- forming 
units) 


This model produces sustained, 
hyperdynamic sepsis. Excision 
of the subcutaneous abscess can 
be used as source control 



maternal milk protected animals after CLP, it did not protect animals following 
endotoxemia [i8]. It should be also pointed out that although complete neutra- 
lization of TNF by its antibodies reduces endotoxin-induced lethality, the block- 
ade of TNF prior to CLP does not protect animals after CLP [19]. 

The CLP model of sepsis uses healthy animals whereas patients typically be- 
come septic following traumatic injury or other diseases. To model the develop- 
ment of sepsis in a compromised host, one can induce insults such as trauma and 
hemorrhage prior to the onset of sepsis. The two-hit model of trauma-hemor- 
rhage, and subsequent sepsis has been utilized for assessing the susceptibility to 
septic challenge following trauma-hemorrhage and resuscitation. Typically anti- 
biotics are not administered to the experimental animals before and after CLP in 
order to avoid the release of toxins by dying bacteria. The CLP model of sepsis 
produces persistent, rather than episodic bacteremia, and the model can be fur- 
ther refined by the use of antibiotics at varying time intervals after the experi- 
mental insult. 
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Critical Factors and Decision Making 

CLP is the most commonly used model of sepsis-peritonitis. This model in the 
rat and other species offers numerous advantages for studying the pathophysi- 
ology of sepsis, and can be used as a preclinical model in identifying potentially 
effective pharmacological agents (Table i). It resembles common intra-abdominal 
infectious processes such as perforated diverticulitis and appendicitis, and allows 
one to examine not only the progressive change in cardiovascular responses but 
also changes in cell and organ functions during the hyperdynamic stage and 
hypodynamic stage of sepsis. Furthermore, the punctured cecum can be excised 
and the peritoneal cavity irrigated in order to control the source of infection. 



Polymicrobial Sepsis 

(e.g., cecal ligation and puncture) 



Hyperdynamic Phase (2 -1 0 h post-CLP) 

“ increased cardiac output 

- increased tissue perfusion 

- decreased vascular resistance 

- increased oxygen delivery and consumption 










r 

< 


- Surgical Interventions, such as excision of 
the necrotic cecum 

- Fluid resuscitation 

- Pharmacologic interventions 






Hypodynamic Phase (> 16 h post-CLP) 

- increased cardiac output 

- increased tissue perfusion 

- decreased vascular resistance 





Septic Shock, Multiple Organ 
Failure and Death 



Diagram i. A schematic summary of the content of this chapter 
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Invited Commentary 

Malcolm R. Kell, H. Paul Redmond 



Animal models provide a useful adjuvant when investigating human disease. In 
the case of surgical sepsis, animal models have provided invaluable insights into 
the dynamics of immune dysfunction following septic challenge. These models 
are divided into two groups: infectious models of sepsis such as CLP or non- 
infectious models of sepsis, such as bacterial product infusion. 

Septic models mimic certain aspects of human disease following pathogen 
challenge. However, they have limitations. CLP is infamous for the variability bet- 
ween study groups and inter-study differences in mortality. In addition many 
factors that modify the course of sepsis in humans are not included in CLP mo- 
dels - antibiotics, age, metabolic disease, cardiovascular status, concurrent injury 
- to name a few. CLP more closely resembles an animal model of perforated ap- 
pendicitis, albeit with a mortality of greater than 90 %. The perfect model of mixed 
sepsis would have to be easy to reproduce, relevant to human disease, and atrau- 
matic in initiation, and it should have a microbiology similar to that encounte- 
red in human sepsis. These factors must be considered when drawing compari- 
sons between animal sepsis models and human disease. CLP is still the best 
model of mixed polymicrobial sepsis currently used as it allows investigation of 
either a primary septic response or as a second-hit phenomenon. 

Aseptic models of sepsis are commonly used since they allow ease of crossover 
between in vivo and in vitro work. The primary fault of aseptic models is that 
they tend to include only one bacterial product. Endotoxin is the most common- 
ly investigated bacterial product. Neither infusion or bolus experiments accura- 
tely model human disease, since endotoxin levels in human disease are varied 
and there is no clear level that correlates with outcome. In addition, since mixed 
sepsis is the rule in surgical sepsis, the use of only a single bacterial product may 
be misleading. Lipopolysaccharide, bacterial lipoprotein, bacterial superantigen, 
and other bacterial wall products have a synergistic effect in human disease that 
is not reflected in a model of challenge with a single product. In addition, the 
question of the most appropriate mode of delivery has not been clearly answer- 
ed: surgical sepsis represents ongoing exposure to bacterial products with surgi- 
cal intervention resulting in a peak of bacterial product. Clearly neither bolus nor 
infusion can accurately mimic human disease. 

Experimental models of sepsis use one strain of syngeneic animals. This pro- 
vides insight into the immune response of this particular animal. Clearly the im- 
mune response of the inbred rodent, though similar in many respects, differs in 
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important respects from that of humans. Human innate responses are much more 
sensitive to the effects of endotoxin, and the adaptive response to superantigen 
is vastly more toxic than in animal models. In addition, syngeneic animal models 
do not reflect genetic variability and cytokine polymorphisms in the much 
broader genetic pool surgeons encounter when treating patients with sepsis. 

Much animal work has investigated the concept that the gut acts as an “un- 
drained abscess” that can drive immune activation [i]. Supporting this concept, 
critically ill patients develop pathologic GI colonization that can precede signs of 
systemic inflammation by the same organisms [2]. Most research has focused on 
endotoxin, as the bacterial product that can mediate this effect. Endotoxin was 
initially identified through Coley’s work on bacterial toxins in the treatment of 
malignancy [3]. Carswell then identified tumor necrosis factor as the link bet- 
ween endotoxin and tumor cachexia [4]. From this point hence endotoxin has been 
considered a key bacterial product involved in the innate immune activation that 
occurs in the systemic inflammatory response syndrome (SIRS). However, this 
concept has been questioned: in humans there is no clear link between endo- 
toxin, gut barrier function, systemic cytokine levels, and outcome [5, 6]. 

It is essential that we recognize the limitations of the models employed in re- 
search, and that we incorporate more clinically relevant variables when designing 
experiments that mimic surgical sepsis. 
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Editorial Comment 

Dr. Wang and Dr. Chaudry have made extensive use of CLP models in their study 
of the biology of sepsis. As Drs. Kell and Redmond mention, mortality with CLP is 
quite variable. While a model of CL plus puncture with an 18-G needle had sub- 
stantial mortality in Chaudry’s hands, it carried no mortality at all in our rats [1]. 
In fact, to obtain a mortality of 40 % we had to excise the tip of the ligated cecum. 
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Thus, each group of investigators has to develop, calibrate and validate their own 
CLP model. Neither the authors nor the commentators mention Nichols’s model 
of intra-abdominal infection, which implants a standardized capsule of feces- 
barium mixture into the peritoneal cavity [2]. 

Although the above-mentioned models mimic “clinical sepsis” with its “cold” 
and “warm” components and have contributed to our understanding of its local 
and systemic biology, they are a far cry from human intra-abdominal infection. 
Wang and Chaudry claim that “antibiotics are not administered to the experi- 
mental animals before and after CLP. The primary reason for this is to avoid the 
release of a large amount of toxins by killing bacteria by antibiotics when admi- 
nistered after the onset of sepsis.” But in fact the administration of antibiotics im- 
mediately after CLP typically prevents the early death in these animals. And ani- 
mals that survive the first 48-72 h after CLP tend to survive altogether: the 
intraperitoneal abscesses (discovered at autopsy later on) are well tolerated, of- 
ten resolve spontaneously, and allow a prolonged survival [3]. 

In reality, while the rodent models of peritonitis described in this chapter mi- 
mic many aspects of the biology of sepsis, they are poor models for the evaluati- 
on of source control, because they do not incorporate the adjuvant interventions 
typically employed in the management of peritonitis in humans. Large animal 
models using sheep or pigs circumvent some of these limitations. Nonetheless it 
is a deficiency of the current literature that the role of source control measures 
has not been systematically defined. What, for example, is the influence of the time 
to intervention on survival or on the expression of pro-inflammatory mediators? 
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4 Drainage 

Gyu L Gang, Jonathan R Moulton, Joseph S. Solomkin 



Key Principles 

• Percutaneous abscess drainage (PD) is the preferred option in most cases. 

• Operative intervention is indicated for failure of PD or when there are absolute 
contraindications to PD. 

• PD can temporize, permitting delayed definitive management of an infectious 
focus. 



For Either Approach 

• The choice of drain size is determined primarily by the viscosity of the fluid to 
be drained. 

• There Is no limit on the number of drains that can be placed. 

• The abscess cavity should be evacuated as completely as possible. 

• Catheters can be removed when criteria for abscess resolution are met, inclu- 
ding clinical signs and symptoms of infection (fever, leukocytosis), decrease in 
daily drainage to less than 1 0 ml, and a change in the character of the drainage 
from purulent to serous. 

• Contrast studies can aid in evaluating resolution of the abscess cavity and clo- 
sure of underlying gastrointestinal leaks. 



General Approach 

Contemporary management of patients with suspected intra-abdominal infec- 
tion relies heavily on imaging studies to define the pathology and its anatomic 
extent. Exceptions to this principle include early acute appendicitis and clinical- 
ly obvious diffuse peritonitis. The sensitivity and specificity of currently avail- 
able imaging techniques for diagnosing intra-abdominal infection exceeds clini- 
cal judgment. Moreover, CT scanning or ultrasonography can be used to guide 
the percutaneous drainage of pus, at significantly less physiologic cost to the pa- 
tient. 

The major philosophical change wrought by experience with percutaneous 
drainage is the recognition that abscess cavities do not need to be externalized 
to be resolved. In the past, standard surgical practice was to use multiple latex 
drains with large drain tracts. The success of percutaneous drainage with small 
nonreactive catheters is in large part due to the efficacy of currently available anti- 
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biotics in clearing residual microorganisms left in abscess walls and inflamed 
tissue. 

Percutaneous drainage is usually successful if the following criteria are met: 

• There is a well-established, unilocular fluid collection 

• A safe percutaneous route of access is available 

• The patient is jointly evaluated by a surgeon and a radiologist so that correct 
judgments and decisions are made 

• There is immediate operative backup available in case of failure or complica- 
tions 

The indications for open surgical drainage are: 

• Inability to perform percutaneous drainage safely 

• Failure of percutaneous drainage 

• The presence of a pancreatic or carcinomatous abscess 

• An association with a high output bowel fistula 

• Involvement of the lesser sac 

• The presence of multiple, isolated interloop abscesses 

Occasionally, exploration and open drainage are undertaken when an abscess is 
suspected clinically, but cannot be localized by CT or ultrasound. Abscesses in the 
pelvis are usually drained directly through the rectum or vagina, obviating the 
need for either percutaneous drainage or an abdominal operation. 



Critical Factors and Decision Making 

Decision making is more complex for community-acquired intra-abdominal ab- 
scesses arising as a consequence of inflammatory visceral disease, for example 
appendicitis, or Crohn’s disease with extensive bowel inflammation, interloop ab- 
scesses, and fistulae. Definitive therapy may be postponed, and percutaneous 
drainage used as a temporizing measure, until the patient can tolerate a more ex- 
tensive operative procedure. 

The decision to perform an extirpative operative procedure is based on recog- 
nition that deleterious host responses, including organ failure, are driven as 
much by the presence of necrotic tissue as by the presence of microorganisms. 
The decision to evacuate necrotic or inflamed tissue may be deferred in favor of 
percutaneous drainage of any identifiable collections, aggressive antibiotic 
therapy, and a brief period of observation. The absence of a clear-cut improve- 
ment in 48-72 h strongly suggests the need for operative intervention. 



Techniques for Percutaneous Drainage 

The choice of catheter size is determined primarily by the viscosity of the fluid 
to be drained. In the majority of cases, 8 to 12 French drains are sufficient. Larger 
drains may be needed for collections containing tissue debris or more viscous 
fluid. Drains of larger caliber can be placed, if needed, by exchange over a guide 
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wire. There is no absolute limit on the number of drains that can be placed per- 
cutaneously. While most abscesses can be drained with a single catheter, there 
should be no hesitation in placing as many drains as are needed to effectively eva- 
cuate the abscess(es). 

Following catheter placement, the cavity should be evacuated as completely as 
possible and irrigated with saline until the fluid is clear. Initial manipulation of 
the catheter(s) and irrigation should be done as gently as possible to minimize 
the induction of bacteremia. Immediate imaging determines the need for repo- 
sitioning the catheter, placing a large-bore catheter, or for placing additional 
drains. For cavities that are completely evacuated at the initial drainage and for 
which there are no abnormal communications to viscera, simple gravity drainage 
generally suffices. For larger or more viscous collections and those with ongoing 
output due to fistulous connections, suction drainage with sump catheters is more 
effective. Thoracic drains should always be placed connected to water-seal suc- 
tion. 

Drains should be checked regularly to monitor the volume and nature of the 
output, ensure adequate function and clinical response, and recognize and cor- 
rect any catheter-related problems. Most authorities recommend periodic irri- 
gation of the drains, once or several times per day, with sterile saline to prevent 
occlusion of the catheter with fibrin. Irrigation may be performed by either phy- 
sicians or trained nurses. In general, irrigation with proteolytic agents (e.g., 
acetylcysteine) or antibiotics is of little value, although fibrinolytic agents may be 
useful for evacuation of fibrinous or hemorrhagic collections. Repeat imaging 
studies, in particular contrast studies performed through the catheter are used 
to document abscess resolution and to identify problems. Occasionally, it may be 
necessary to replace or reposition tubes or add additional catheters. The need for 
follow-up imaging studies should be determined on a case-by-case basis by mo- 
nitoring clinical progress and drainage output. 

Catheters should be removed when criteria for abscess resolution are met. 
Clinical criteria of success include resolution of symptoms and indicators of in- 
fection (fever, leukocytosis). Catheter-related criteria include a decrease in daily 
drainage to less than lo ml and a change in the character of the drainage from pu- 
rulent to serous. Radiographic criteria include documentation of abscess resolu- 
tion and closure of any fistulous communications. If catheters are maintained 
until these criteria are satisfied, the likelihood of recurrence of the abscess will 
be minimized. Although some authorities recommend gradual catheter removal 
over several days, we usually remove the drain in one step and have had no sig- 
nificant problem with recurrence. For sterile fluid collections, the drain should 
be removed as soon as possible, generally within 24-48 h, to minimize the risk of 
superinfection. 



Recognition of Failure 

Specific indications for percutaneous abscess drainage have expanded signifi- 
cantly over the past decade and now include many conditions previously thought 
undrainable, such as multiple and/or multiloculated abscesses, abscesses with 
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enteric communication, and infected hematomas. These conditions have higher 
failure rates than seen with single abscesses. 

The causes of failure of percutaneous drainage include fluid that is too viscous 
for drainage or the presence of phlegmonous or necrotic debris. Technical mo- 
difications such as increasing the drain size and the use of irrigation can occa- 
sionally overcome these problems. Recognition of phlegmonous or necrotic 
tissue on follow-up imaging studies may lead to cessation of attempts at per- 
cutaneous drainage or a modification of the expected goal. Successful drainage 
of multiloculated collections and multiple abscesses can be accomplished by the 
use of an adequate number of catheters, and by mechanical disruption of ad- 
hesions using a guide wire. Fistulous communications, either unrecognized or 
persistent, are yet another potential cause of failure, as is drainage of a necrotic 
tumor mistakenly diagnosed as an abscess. Recognition of a significant soft- 
tissue component and the use of percutaneous biopsies can minimize this risk. 
Suspicious fluid also may be sent for cytology. 



Selection of Drains for Operatively Managed Infections 

Similar considerations apply to the selection and management of intraopera- 
tively placed drains. The number, size and type of drain should be determined by 
the abscess size and the characteristics of the abscess contents. Operatively placed 
drains should be monitored and removed when signs and symptoms of infection 
have been resolved. In the event of a slow resolution of clinical signs of infection, 
imaging can be used to define the adequacy of drainage and to diagnose any re- 
accumulation of infected fluid. 

Nonreactive drains should be used except when there is a deliberate decision 
to create a drain tract. Siliconized and nonreactive drains form such tracts poor- 
ly and after removal no egress path will exist for any fistulous drainage. 

In general, infected lesser sac collections associated with acute necrotizing pan- 
creatitis respond poorly to percutaneous drainage, although percutaneous drai- 
nage may be used to temporize critically ill patients who might not survive open 
intervention. However, management of pancreatic abscesses continues to evolve, 
and the trend is toward less invasive strategies. In most centers, pancreatic ab- 
scesses and infected peripancreatic necrosis are approached directly through an 
upper abdominal incision. Debridement is carried out with both blunt and sharp 
dissection, removing as much necrotic tissue as can be excised without excessive 
bleeding. Drains are placed dependently and exteriorized through the laterally 
placed wounds; sump suction drains are preferred if no fistula is suspected (see 
Chap. 17). 

Interloop abscesses are explored through a midabdominal incision. Each ab- 
scess cavity is thoroughly debrided, but drains are not generally used. Confirma- 
tion of the presence of pus is obtained by direct vision or by needle aspiration. 
All of the abscess contents should be evacuated by suction. The cavity should be 
thoroughly explored digitally and all loculations within it broken down to create 
a single residual space. The cavity is irrigated and debrided of nonviable tissue. 
Drains are not needed if the abscess cavity communicates freely with the perito- 
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neal cavity. Otherwise, drains should be brought from the abscess cavity to the 
exterior as directly as possible. 

For abscesses complicating diverticulitisy percutaneous drainage usually per- 
mits stabilization and allows time to prepare the patient for operative therapy. 
Subsequent operation is required in most, but not all, patients and can generally 




Diagram i. Management algorithm 
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be accomplished as a one-step procedure. In high-risk patients who remain 
asymptomatic foUowing drainage, subsequent sigmoid resection maybe avoided. 
It is important to perform follow-up radiographic studies to exclude the possibi- 
lity of a perforated neoplasm. Initial concerns regarding persistent fecal fistulas 
have not been borne out by clinical experience (see Chap. 12). 

The results of percutaneous drainage for abscesses complicating CrohrCs disease 
are less positive. Patients without fistulous communications to the bowel are usual- 
ly cured, whereas those with fistulae generally required bowel resection. Among pa- 
tients requiring operation, initial percutaneous drainage usually leads to significant 
clinical improvement and permits performance of a one-stage operation. 

Low pelvic abscesses in contact with the rectum or vagina may be treated surgi- 
cally by incision and drainage through these organs. This approach can be faci- 
litated by sonographic guidance. Experience with ultrasound-guided transrectal 
and transvaginal drainage is growing, and these procedures appear to be effec- 
tive and well tolerated. Success also has been achieved in the management of 
tuboovarian abscesses complicating pelvic inflammatory disease that are refrac- 
tory to medical management. In many cases, the need for hysterectomy and 
oophorectomy has been obviated. 

The management of appendiceal abscess depends upon the duration of illness 
and the ability of the host to withstand operation. In young patients with a short 
history of symptoms, a modest operative procedure will resolve both the abscess 
and the appendiceal source with safety and a high probability of success. Older pa- 
tients with well-defined abscess cavities and less physiologic reserve benefit from 
percutaneous drainage, and do not require subsequent appendectomy (see Chap. 14). 
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Invited Commentary 

Robert E. Condon 



Optimal source control requires elimination of the source of intra-abdominal 
contamination. Open procedures to accomplish resection, or closure of a perfo- 
ration, are the usual primary means of source control. Drainage plays an impor- 
tant secondary role in the management of the abscesses that often follow peri- 
toneal contamination, and has an occasional primary role in the management of 
a low volume fistula occurring in the absence of obstruction. 

The change in surgical practice during the 1980s from open to percutaneous 
drainage of intra-abdominal abscesses, via catheters placed under radiological 
guidance, was a major advance in management. This chapter is an excellent review 
of the features of effective catheter drainage. The indications for placement of ca- 
theters for drainage are straightforward; the indications for catheter removal are a 
little less intuitive. The authors neatly outline the pre-conditions that guide cathe- 
ter removal, which deserve emphasis by repetition: any fistula has closed, fever and 
leukocytosis have resolved, drainage has become serous and its volume is minimal, 
and complete collapse of the abscess cavity around the catheter has been docu- 
mented by contrast injection. If all these criteria are met, I agree with the authors 
that the catheter need not be shortened progressively but can be pulled at once. 



Check for the Collapse of the Abscess Cavity 

Unfortunately, abscess drainage catheters are sometimes removed without first do- 
cumenting obliteration of the abscess. Most of the time nothing imtoward ensues. But 
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in those circumstances in which an abscess space persists because of the unyielding 
structure of the surrounding tissues, catheter removal prior to complete collapse of 
the abscess cavity frequently results in persistence of the abscess and the need for 
another round of treatment. The collapse of the cavity around the drainage catheter 
should always be demonstrated by contrast injection prior to catheter removal. 



Interloop Abscesses 

Multiple interloop abscesses generated by an episode of widespread peritonitis 
are a vexing problem. Finding safe routes for multiple catheter placement to all 
the purulent collections often is impossible or impractical; open debridement 
and drainage is usually the more efficient maneuver. In managing this problem, 
the role of a “second look” and the utility of the temporary closure device intro- 
duced by Wittmann [i] in facilitating such management needs to be kept in mind. 



Periappendiceal Abscess 

Treatment of a well-established periappendiceal abscess, the so-called appendix 
mass, by percutaneous drainage without immediate appendectomy is very effective, 
particularly in patients at the extremes of life. Of course, if the history is relati- 
vely long and indolent, the mass not particularly tender, and the patient anemic, 
then the possibility of carcinoma needs to be entertained. A needle aspiration of 
the mass and cytological examination prior to drainage catheter placement will 
help to sort out this uncommon circumstance. 



Interval Appendectomy? 

Opinion varies about the need for interval appendectomy after resolution of an 
appendix mass. Recurrent appendicitis occurs in only one patient in six. But in 
the elderly the consequences of recurrent disease are potentially more serious 
than in young children. There is no reliable test available to identify the conti- 
nuing presence of chronic inflammation or of fecal concretions in the retained 
appendix. My view is, all things being equal, that older patients should have a 
planned appendectomy about 2 months after resolution of an appendix mass 
treated successfully by catheter drainage. 



Prophylactic Drains? 

Although the focus of this superb chapter, and indeed of this entire textbook, is 
on the abdomen already contaminated, I am impelled to remind readers of the 
pitfalls associated with the most common reason for placement of drains in cur- 
rent surgical practice. That is, the placement of a drain into a clean abdominal 
cavity in an attempt to prevent a complication of the operative procedure. Typi- 
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cally, such “prophylactic” drains are placed near a bowel anastomosis or closure 
with the thought that should there be a leak then the material will have a path out 
of the abdominal cavity. The futility of draining the general peritoneal cavity was 
demonstrated years ago by Yates [2] . The equal futility of prophylactic drain place- 
ment was shown by Nora [3] and others [4, 5]. Such drains are promptly walled 
off; if a leak occurs, it does not follow the drain. Prophylactic drainage is not on- 
ly ineffective but is positively deleterious! The incidence of anastomotic leakage 
is higher after prophylactic drain placement than if no drains are placed. The reason 
is that the drain, acting as a foreign body, impairs healing of the adjacent anas- 
tomosis, thus increasing the risk of a leak. 
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Editorial Comment 

An abscess by definition is a confined structure enclosed by an inflammatory wall 
and possessing a viscous interior. In contrast, free-flowing, contaminated or infected 
peritoneal fluid or loculated collections, which lack a wall, represent not an abscess, 
but a phase in the spectrum-continuum of peritoneal contamination/ infection. 

A classification of abdominal abscesses, which may need drainage, is offered 
in the following table. 



Classification 


Examples 


Visceral vs. nonvisceral 


Hepatic vs. subphrenic 


Primary vs. secondary 


Splenic vs. appendiceal 


Spontaneous vs. postoperative 


Diverticular vs. perianastomotic 


Intraperitoneal vs. retroperitoneal 


Tubo-ovarian vs. psoas 


Simple vs. complex 


Complex: Multiple (liver), Multiloculated 
Communication with bowel (leaking anastomosis) 
Associated with necrotic tissue (pancreatic) 
Associated with cancer 


Anatomical 


Subphrenic, subhepatic, lesser sac, paracolic, 
pelvic, interloop, perinephric, psoas 



(Modified from Schemas Common Sense Abdominal Surgery y Springer Verlag, 2000 ) 
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Considerations in selecting the percutaneous versus open surgical drainage are 
the following: 




PC drainage 


Open drainage 


Surgically accessibility 


“Hostile abdomen” 


Accessible 


PC accessibility 


Yes 


No 


Source controlled 


Yes 


No 


Location 


Visceral 


Interloop 


Number of abscesses 


Single 


Multiple 


Loculated 


No 


Yes 


Communication with bowel 


No 


Yes 


Associated necrosis 


No 


Yes 


Associated malignancy 


No 


Yes 


Contents 


Thin 


Thick, debris 


Invasive radiologist 


Available 


Not available 


Severity off illness 


“Stable” 


Critically ill 


Failed PC drainage 


No 


Yes 



(Modified from Schemas Common Sense Abdominal Surgery y Springer Verlag, 2000) 



About one-third of intra-abdominal abscesses are not suitable for percutaneous 
drainage and require an open operation. A few practical dilemmas exist: 



Exploratory Laparotomy Versus "Direct" Surgical Approach 

A “blind” exploratory laparotomy to search for abscess, a common procedure in 
the past, is rarely necessary. A “direct” approach that spares the previously un- 
involved peritoneal spaces and avoids bowel injury and wound complications is 
almost always possible for spontaneous abscesses, if well defined on CT. However, 
these abscesses usually respond to percutaneous drainage. Although postoperative 
abscesses are readily localized by CT, those which fail percutaneous drainage are 
usually “complex,” and so are often not amenable to a “direct” approach (e.g., 
interloop abscess) or also require the control of the intestinal source. Criteria for 
making the choice of the approach are summarized below: 





Exploratory 

laparotomy 


“Direct” 
open drainage 


Abscess accurately localized on CT 


No 


Yes 


Early postoperative phase 


Yes 


No 


Late postoperative phase 


No 


Yes 


Single abscess 


No 


Yes 


Multiple abscesses 


Yes 


No 


Lesser sac abscess 


Yes 


No 


Interloop abscess 


Yes 


No 
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Exploratory 

laparotomy 


“Direct” 
open drainage 


Source of infection uncontrolled 


Yes 


No 


Subphrenic/subhepatic 


No 


Yes 


Gutter abscess 


No 


Yes 


Pelvic 


No 


Yes 



(Modified from Schemas Common Sense Abdominal Surgery, Springer Verlag, 2000) 



Direct Approach: Extraperitoneal Versus Transperitoneal 

There are no significant differences in overall mortality and morbidly between 
the two approaches; the transperitoneal route is, however, associated with a higher 
incidence of injury to the bowel. It logical to suggest that the extraperitoneal 
approach should be utilized whenever anatomically possible. Subphrenic and 
subhepatic abscesses can be approached extraperitoneally through a subcostal 
incision or, if posterior, thorough the bed of the 12th rib. Older surgeons are still 
familiar with these techniques, which have largely been replaced by percu- 
taneous drainage. Pericolic, appendicular, and other retroperitoneal abscesses 
are best approached through a loin incision. Also, late-appearing pancreatic 
abscesses can be drained extraperitoneally - from the flank - occasionally needing 
a bilateral approach. Pelvic abscesses are best drained through the rectum or 
vagina. 



When Is Drainage Not Necessary? 

Traditionally, multiple hepatic abscesses, which are not amenable to drainage, are 
treated with antibiotics, with a variable response rate. Some recommend non- 
operative treatment, with prolonged administration of antibiotics, for children 
who develop abdominal abscesses following an appendectomy for acute appen- 
dicitis. The problem with such “successes” is that the alleged “abscesses,” which 
were imagined on ultrasound or CT, were never proven as such. Instead, they pro- 
bably represented sterile collections, the majority requiring no therapy at all. 



In Conclusion 

Abdominal abscesses should be drained; when an “active” source exists it should be 
dealt with - antibiotic treatment is of marginal value. We wish to stress the old credo 
that it is impossible to effectively drain the free peritoneal cavity. In addition to pro- 
ducing a false sense of security, drains can erode into intestine or blood vessels and 
promote infective complications. Drains should be reserved for the evacuation of an 
established abscess, to allow escape of potential visceral secretions (e.g., biliary, pan- 
creatic) and to establish a controlled intestinal fistula when the bowel cannot be ex- 
teriorized. Drains should be removed as soon as they have fulfilled their purpose. 




5 Debridement and "Peritoneal Toilet" 



John Bohnen 



Key Principles 

• The degree of peritoneal contamination correlates with the severity of infection 
and outcome. 

• The host responds to peritoneal infection by absorbing pathogens into the 
bloodstream and by mounting a local peritoneal inflammatory reaction; both 
responses kill bacteria but affect the host adversely. 

• The goal of peritoneal toilet is to remove mechanically as many contaminants 
as possible to reduce the severity of infection and limit adverse host responses. 

• Surgically aggressive forms of peritoneal debridement may remove more con- 
taminating material, but at the cost of increased resources and adverse effects. 
Their value is controversial. 



Introduction 

“Peritoneal debridement” refers to the mechanical removal of foreign and devita- 
lized material from the peritoneal cavity. Although “peritoneal toilet” is a more 
general term that refers to any method that cleans out the peritoneal cavity, such 
as placement of a drain, the terms “debridement” and “toilet” will be used inter- 
changeably. The measures by which surgeons achieve peritoneal toilet represent 
a continuum of aggressiveness from conventional operation to serial, planned 
explorations of the peritoneal cavity (Table i). Conventional operation consists 
of a single procedure that removes free (i.e., not adherent to peritoneal surfaces), 
grossly infected and nonviable material from the peritoneal cavity with simple 
mechanical means such as suction and lavage, with or without the addition of anti- 
microbial agents to the lavage fluid [i]. Continuous peritoneal, lavage refers to 



Table 1. Degree of aggressiveness in achieving peritoneal toilet 



Conventional Single operation with manual debridement, suction and lavage 

Single operation as above, plus antibiotic lavage 
Continuous postoperative lavage, with or without antibiotic 
Radical peritoneal debridement 

Open peritoneal drainage without planned reoperation 
Most aggressive Scheduled reoperation (including “staged abdominal repair”) 
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fluid instillation (and drainage) through catheters into the peritoneal cavity for 
the purpose of infusing and removing simultaneously large volumes (e.g., liters 
per hour) of crystalloid solution postoperatively [2]. Radical peritoneal debride- 
ment describes suction and irrigation plus the meticulous removal of all solid 
material such as fibrin and contaminants that have adhered to the viscera and 
other peritoneal surfaces [3, 4]. In open peritoneal drainage, also called “lapa- 
rostomy”, the surgeon does not close either the abdominal fascia or skin, leaving 
the viscera and other peritoneal contents covered with dressings but relatively 
exposed to environmental air [5]. Scheduled reoperation refers to planned, serial 
operative explorations of the peritoneal cavity [6, 7]. 



Infectious Challenge to the Host 

The degree of peritoneal contamination correlates with the severity 
of infection and outcome. 

The degree of physiologic derangement, measured by the Acute Physiology and 
Chronic Health Evaluation or a similar scoring system, correlates with the pro- 
bability of death from peritoneal infection [8]. The physiologic changes that con- 
tribute to such scores reflect both the host response to infection and the severity 
of the infection itself. Animal and clinical studies in a variety of infectious con- 
ditions have demonstrated the intuitively obvious fact that larger numbers and 
concentrations of contaminating microbial pathogens lead to more severe infec- 
tions. In human patients with peritonitis, fecal peritonitis carries a higher mor- 
tality rate [9], and severe contamination of the surgical wound results in a higher 
incidence of surgical site infection [10]. 

Thus, the density of the infecting bacterial inoculum correlates with the severi- 
ty of infection and determines, along with patient co-morbidities, host defenses 
and treatment, the ultimate outcome. In secondary bacterial peritonitis, the con- 
taminants include not only the microbial pathogens, but also nonviable “adju- 
vant” substances, that increase the severity of infection [11] - from the contami- 
nating fluid (blood, bile, food, feces), the host (necrotic tissue, blood, fibrin), or 
the radiologist (barium). 

Since the severity of the infection depends on the degree of peritoneal conta- 
mination with microbial pathogens and adjuvant substances, an important goal 
of the surgical management of intraperitoneal infection is to remove or neutra- 
lize the contaminants to the greatest extent possible. 

Host Response to Infection 

The host responds to peritoneal infection by absorbing pathogens 
into the bloodstream and by mounting a local peritoneal inflam- 
matory reaction; both responses kill bacteria but affect the host ad- 
versely. 

The host responds to peritoneal contaminants in two ways: absorption of bacteria 
into the bloodstream via lymphatics, and acute local peritoneal inflammation 
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[ii]. Systemic absorption of microorganisms from the peritoneal cavity enables 
the host to kill microbial pathogens through the actions of centrally located pha- 
gocytic cells, especially hepatic macrophages (Kupffer cells), while preserving 
normal peritoneal anatomy and physiology. Absorption from the peritoneum is 
mediated by lymphatics and occurs within minutes of peritoneal contamination. 
This mechanism can contain small bacterial inocula such as from minor intesti- 
nal leaks that occur intraoperatively, without leading to exaggerated peritoneal 
inflammatory responses. However, the systemic absorption of large microbial in- 
ocula leads to intense physiologic derangement, caused by the actions of mole- 
cular products of Kuppfer and other host defense cells. 

Since large microbial inocula could overwhelm systemic responses if absorb- 
ed completely, the host benefits from the second response, peritoneal inflamma- 
tion, which kills intraperitoneal bacteria locally in the abdominal cavity and 
traps them in fibrin deposits [ii]. Such fibrin trapping probably prevents micro- 
organisms from eliciting overwhelming systemic responses to the infection. En- 
trapment in fibrin functionally exteriorizes the bacteria from the body (ultimate- 
ly as abscesses) and limits their growth. However, this process sequesters the 
bacteria from killing by antimicrobial agents and from their removal by host 
phagocytic cells or surgical drainage. Fibrin trapping of microorganisms is a 
double-edged sword that contributes beneficially to host defenses in the absence 
of therapeutic measures, but may frustrate conventional operative and adjunc- 
tive antibiotic therapy by protecting the pathogens on the surfaces of the perito- 
neal membranes. 

The clinical outcome depends on the balance between the microbial patho- 
gens and the cellular and molecular host defenses within and remote from the 
peritoneal cavity. 



Rationale for Peritoneal Debridement 

The goal of peritoneal toilet is to remove mechanically as many 
contaminants as possible to reduce the severity of infection and Emit 
adverse host responses. 



Peritoneal toilet functions as a surgical adjunct to controlling the initial, proxi- 
mate source of peritoneal infection. Proximate source control fixes the cause and 
prevents further leakage of contaminants into the peritoneal cavity; peritoneal 
toilet removes the microbial load and adjuvant substances already encountered 
at operation. To offer the most benefit to the patient, peritoneal toilet must re- 
move the greatest possible density of pathogens and adjuvant-substances with- 
out causing further damage to host tissues. 

Aggressive methods of peritoneal toilet (i.e., procedures that exceed simple 
suction and peritoneal lavage) derive from the premise that microbial inoculum 
density influences clinical outcome. Their rationale relies on the assumption that 
aggressive procedures do indeed reduce the number of contaminants at the end 
of an operative procedure; that the benefit of achieving a lower bacterial density 
at the end of an operation is sustained beyond the immediate postoperative 
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period; that reducing the concentration of contaminants improves clinical out- 
come directly or by enhancing the effects of antimicrobial agents; and that any 
benefit of removing more contaminants outweighs the costs related to adverse 
effects and resource utilization. None of these assumptions has been studied 
adequately to prove or disprove them. 



Aggressive Peritoneal Debridement 

Surgically aggressive forms of peritoneal debridement may remove 
more contaminating material, but at the cost of increased resources 
and adverse effects. Their value is controversial. 



The most commonly used and reported modalities of aggressive peritoneal toilet 
have been continuous postoperative lavage, radical peritoneal debridement, open 
packing of the peritoneal cavity (“laparostomy”) and scheduled reoperation. 
Unfortunately, most clinical trials of these treatment methods have not stratified 
patients by severity of illness, or adjusted the results according to the adequacy 
of proximate source control (i.e., “closing the leak”). Only in the last decade or so 
have patients in clinical trials been stratified according to severity of infection as 
reflected by physiologic changes. Thus, the earlier studies cited below have had 
serious methodological limitations in their failure to ensure that treatment 
groups have had equivalent severities of infection. Further, published reports have 
not compared the long-term effects and full costs of standard vs. aggressive 
forms of achieving peritoneal toilet. 

Continuous postoperative lavage has had several champions who found favorable 
results in clinical trials [2], although these studies were not stratified according to 
patient severity, and did not use concurrent controls or prospective randomi- 
zation. Other studies have found no benefit to continuous lavage [12]. The technique 
is labor intensive, and has largely fallen out of favor. Radical peritoneal debride- 
ment yielded spectacular results in an uncontrolled, unstratified study of patients 
who were described as having advanced peritonitis [3]- The rationale for this pro- 
cedure makes some sense because the debridement of all contaminants and fibrin 
deposits on peritoneal surfaces should reduce the numbers of intraperitoneal bac- 
terial pathogens. However, the only randomized controlled trial of radical debride- 
ment showed no benefit compared to standard therapy [4]. It must be noted that 
this study was dominated by patients with appendicitis, i.e., patients whose out- 
comes one would not expect to be improved significantly by aggressive surgery, 
and was not stratified for severity of illness or proximate source control. A larger 
randomized, controlled trial of radical debridement in patients with severe peri- 
tonitis, stratified appropriately, would determine its efficacy. 

Laparostomy similarly has come into and out of favor, with some promising 
results [5], and discouraging outcomes [13]. The rationale for the procedure is to 
treat the peritoneal cavity as an “abscess”, to be drained as a single entity. The price 
to pay for lack of coverage of the viscera is the risk of incisional hernia and 
intestinal fistulas for which management is difficult in the absence of an intact 
abdominal wall [14]. 
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Scheduled reoperation for severe peritonitis seeks to accomplish what radical 
debridement and laparostomy do, i.e., aggressive peritoneal toilet while maintain- 
ing an intact abdominal wall. Another theoretical advantage is that scheduled 
reoperation enables the surgeon to detect new sources and foci of infection in the 
abdomen, which may develop after the initial surgical procedure. Scheduled re- 
operation has been described in two distinct circumstances. At times the abdo- 
minal wall cannot be closed primarily without undue tension because of edema 
of intra-abdominal structures due to longstanding or very severe intraperitoneal 
infection, or to loss of abdominal fascia due to previous ventral hernia or fascial 
infection. In such cases, temporary abdominal closure at the skin level with towel 
clips or plastic sheet, or fascial closure with prosthetic mesh, is followed by clo- 
sure of the abdominal wall once the underlying infection has resolved [15]. In 
those situations, the scheduled reoperation is indicated to reconstruct the abdo- 
minal wall. 

The other indication for scheduled reoperation is to treat severe abdominal in- 
fection. Besides providing repeated entrance into the abdomen to remove re- 
sidual contaminants, planned reoperations can identify^ other, unexpected sources 
of contamination. In scheduled reoperation the abdominal wall is closed with a 
prosthetic device such as nonabsorbable mesh, to facilitate multiple reentries into 
the abdomen [6, 7] . As will be discussed in subsequent chapters, some promising 
evidence has accumulated to support the use of scheduled reoperation for severe 
peritonitis, but results from the published literature are contradictory. Potential 
adverse outcomes are intestinal fistula [14] and incisional hernia. Scheduled re- 
operation is labor intensive, and therefore, costly. Whether the costs and adverse 
effects are outweighed by better clinical outcomes has not been studied in a pro- 
perly designed prospective randomized clinical trial. 



Controversies 

Controversy has developed around the practice of achieving peritoneal toilet be- 
cause of two general issues: the results associated with the procedures themselves 
and the research methodologies used to study those procedures. Compared to 
standard methods of achieving peritoneal toilet, more aggressive measures, from 
antibiotic lavage to scheduled reoperation, have achieved mixed results in clini- 
cal trials. Therefore, despite theoretical advantages, aggressive peritoneal toilet 
has its strong proponents but generally has not become accepted practice. To 
settle the controversy would require a prospective, randomized clinical trial. Un- 
fortunately, clinical trials of therapy in abdominal infections face challenges not 
found in most other types of clinical research. 

Patients with abdominal infections present for treatment with a variety of un- 
derlying etiologies, and differing degrees of severity of infection, coexisting 
health problems, diagnostic delay, and inadequacy of resuscitation, all of which 
are critical determinants of outcome. It is difficult to balance these outcome de- 
terminants among treatment groups in clinical trials of therapy. Although this 
problem has been overcome to some extent by stratifying patients according to 
the degree of physiologic change before treatment, peritonitis trials have not yet 
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been controlled for the other key determinant of outcome, the success of control 
of the proximate source of contamination (“source control”)* Difficulties in ba- 
lancing treatment groups according to the efficacy of source control include the 
heterogeneity of possible sources of infection within patient treatment groups, 
the variety of methods surgeons use to achieve source control and lack of accep- 
ted definitions for successful source control [i6]. 

These methodological difficulties have led to a growing list of treatment options 
based on theoretical rationales, without clear evidence of success for any of them. 



Critical Factors and Decision Making 

The critical factors for decision making will be considered for 
scheduled reoperation because of its theoretical advantages and 
promising results in some studies. 



Despite a lack of clear guidance from the published literature, the surgeon must 
make decisions about therapy that aim to save patients from acute peritoneal in- 
fections, while minimizing adverse effects and costs. Before considering indivi- 
dual patients, surgeons must decide beforehand whether scheduled reoperation 
is feasible in their practice setting - is it worth the costs and the risks of multiple 
operations, ventral hernias, and intestinal fistulas? 

Decisions regarding feasibility must consider the availability of human and 
physical resources and the acceptance by the hospital administration and peri- 
operative services that include nursing, anesthesia, and intensive care. The con- 
sideration of the worthiness of scheduled reoperation depends on the surgeon’s 
interpretation of the published literature and clinical experiences. If the answer 
is “yes, scheduled reoperation has a place in my practice,” the surgeon must then 
decide when to use it by answering two questions for each patient with perito- 
nitis: “Can I close the abdominal fascia and maintain a safe intra-abdominal 
pressure?” and “Is the infection so severe that I should consider scheduled re- 
operation?” If the surgeon cannot close the fascia primarily because of tissue 
edema and intestinal dilatation, or if such closure would lead to abdominal com- 
partment syndrome due to increased pressure in the abdomen [17], temporary 
abdominal closure can achieve coverage of the viscera. In that case the schedul- 
ed reoperation is used to establish permanent abdominal closure as described 
above [15]. 

Several situations might compel the surgeon to think that the infection is so 
severe that scheduled reoperation should be considered. Perhaps the initial de- 
gree of peritoneal contamination was overwhelming. At the end of the operation, 
the surgeon might not have been satisfied that proximate source control had been 
achieved, e.g., because of ongoing intestinal ischemia or the possibility of anas- 
tomotic leak. Perhaps the surgeon was not convinced that all existing loci of 
infection had been dealt with because of technical challenges or because the 
patient was hemodynamically unstable on the operating table. In such situations 
the surgeon would use scheduled reoperation to ensure source control and achieve 
peritoneal toilet. 




42 



J. Bohnen 




References 

1. Schein M, Saadia R, Decker G (1988) Intraoperative peritoneal lavage Surg Gynecol Obstet 
166:187-195 (Collective review of antibiotic lavage of the peritoneal cavity.) 

2. Stephen M, Loewenthal J (1979) Continuing peritoneal lavage in high-risk peritonitis. Surgery 
85:603-606 (Early study that strongly supported continuous postoperative lavage; not stra- 
tified for severity of illness; no concurrent control group.) 

3. Hudspeth AS (1975) Radical surgical debridement in the treatment of advanced generalized 
bacterial peritonitis. Arch Surg 110:1233-1236 (Uncontrolled study that showed zero mortality 
for radical debridement for abdominal infection.) 

4. Polk HC, Fry DE (1980) Radical surgical debridement in the treatment for established peri- 
tonitis. The results of a prospective randomized clinical trial. Ann Surg 192:350-355 (Con- 
trolled trial that found no benefit from radical debridement, challenging Hudspeth’s 
findings.) 

5. Steinberg D (1979) On leaving the peritoneal cavity open in acute generalized suppurative 
peritonitis. Am J Surg 137:216-220 (Early study showing benefit of laparostomy.) 

6. Teichmann W, Wittmann DH,Andreone PA (1986) Scheduled reoperations (Etappenlavage) 
for diffuse peritonitis. Arch Surg 121:147-152 (Promising results from scheduled reoperati- 
on.) 

7. Wittmann DH, Aprahamian C, Bergstein JM (1990) Etappenlavage: advanced diffuse perito- 
nitis managed by planned multiple laparotomies utilizing zippers, slide fastener, and Velcro 





Debridement and "Peritoneal Toilet' 



43 



analogue for temporary abdominal closure. World J Surg 14:218-226 (Promising results 
again, discussion of technique.) 

8. Bohnen JMA, Mustard RA, Oxholm SE et al (1988) APACHE II score and abdominal sepsis: a 
prospective study. Arch Surg 123:225-229 (Physiologic alterations correlate with probability 
of death from abdominal infection.) 

9. Stephen M, Loewenthal J (1978) Generalized infective peritonitis. Surg Gynecol Obstet 
147:231-234 (Fecal peritonitis was associated with greater mortality.) 

10. National Academy of Sciences-National Research Council (1964) Postoperative wound in- 
fections: the influence of ultraviolet irradiation of the operating room and of various other 
factors. Ann Surg i6o[Suppl 2]:i-i32 (Classic paper showing that heavier wound contamina- 
tion is associated with greater wound infection rates.) 

11. Hau T, Ahrenholz DH, Simmons RL (1979) Secondary bacterial peritonitis: the biologic basis 
of treatment. Curr Probl Surg 16:1-65 (Seminal paper that integrated the biology, clinical pre- 
sentation, and principles of management of intra-abdominal infection.) 

12. Leiboff AR, Soroff HS (1987) The treatment of generalized peritonitis by closed postoperative 
peritoneal lavage. Arch Surg 122:1005-1010 (Summary of work on postoperative lavage cast 
doubt on its value.) 

13. Kinney EV, Polk HC (1987) Open treatment of peritonitis: an argument against. Adv Surg 
21:19-28 (Argument against laparoscopy, highlighting complications.) 

14. Schein M, Decker GAG (1990) Gastrointestinal fistulas associated with large abdominal wall 
defects: experience with 43 patients. Br J Surg 77:97-100 (Large series of dreaded complica- 
tions from open management of abdominal infections.) 

15. Moore EE, Burch JM, Franciose RJ, Offner PJ, Biffl WL (1998) Staged physiologic restoration 
and damage control surgery. World J Surg 22:1184-1191 (Method of achieving abdominal 
closure in stages when inadvisable or impossible at first laparotomy.) 

16. Bohnen JMA, Marshall JC, Fry DE, Johnson SB, Solomkin JS (1999) Clinical and scientific im- 
portance of source control in abdominal infections: summary of a symposium. Can J Surg 
42:122-126 (Surgical Infection Society symposium on the definition and importance of source 
control in abdominal infection.) 

17. Schein M, Wittmann DH, Aprahamian CC, Condon RE (1995) The abdominal compartment 
syndrome: the physiological and clinical consequences of elevated intra-abdominal pressure. 
J Am Coll Surg 180:745-753 (Comprehensive review.) 



Invited Commentary 

Hiram C. Polk Jr., David A. Spain 



The title of this chapter, “Debridement and Peritoneal Toilet”, has erroneous con- 
notations that are difficult to eliminate from a surgeon’s mind. The principles of 
surgical management are almost always drainage, diversion, and debridement. 
Debridement in the peritoneal cavity is, in essence, excision. We were fascinated 
originally by the report of Hudspeth [i],but our attempt to emulate his work was 
unsuccessful; we could not confirm its advantages. While our work has been 
widely quoted [2], it may be that by lumping our observations we are also guilty 
of a serious interpretational error. It is clear that radical peritoneal debridement, 
as we practiced it, may have contributed to the small excessive mortality rate in 
elderly patients. Conversely, its benefit in younger patients who were well able to 
withstand the trauma of such an operative undertaking may have been under- 
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Stated. It seems unlikely that this clinical experiment will ever be repeated, and it 
is important that these caveats be recognized. 

Parenteral nutrition permits more facile management of intestinal fistulas, 
and, therefore, reduces some of the obligatory problems of peritoneal debride- 
ment and the open abdomen approach to both sepsis and damage control. Lapa- 
rostomies for trauma are more tolerable than they were in the past. Notwith- 
standing that, enterocutaneous fistulas continue to carry a significant mortality 
rate and are unacceptable treatment options in this scenario. It must be said that 
the lessons of the trauma surgeon in managing the concept of staged or damage 
control laparostomies have been extraordinarily helpful. The early facile and in- 
expensive closure of the abdomen with an intravenous fluid bag, in lieu of ex- 
pensive temporary prosthetic devices, has been a major improvement. Further- 
more, the concept of timing, in terms of reoperation, elimination of edema, and 
sequential full-thickness abdominal wall closure, is also extremely helpful [3]. 

The fundamental issue of when such a concept should be applied to advanced 
peritoneal infection remains as unclear today as it was when Hudspeth [1] first 
described it and when my former associate, Ed Kinney, and I attempted to pro- 
perly position it in the late 1980s. Notwithstanding the advances made in fluid 
control, abdominal wall substitution, and staged reoperation, a remaining criti- 
cal factor is the material available to protect the often exposed small bowel. Ulti- 
mate intraoperative and postoperative judgment is essential in this situation, and 
it may be that devices such as nonabsorbable mesh may have some role in pro- 
tecting the exposed small bowel. Three or four cases we have so treated have cer- 
tainly turned out better than we would have expected. 

Mortality is the most important outcome to be avoided in peritonitis and, as 
stated by the authors in the accompanying chapter, there is no persuasive evi- 
dence that any one of these approaches achieves a better outcome than the other. 
The proper emphasis on the considerable antibiotic resistance and the over- 
whelming cost of ongoing intraperitoneal antibiotic lavage will preclude it ever 
being repeated in North America in any current reader’s lifetime. It still may be 
that this is a valuable form of therapy. The extreme unlikelihood of definitive trials 
may mean that the proper analysis will be in the animal laboratory. In the mean- 
time, surgeons will have to use those skills that have been most helpful in the past: 
discerning judgment, meticulous technique, and attentive overall support of the 
surgical patient. 
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Editorial Comment 

Although cosmetically appealing and popular with surgeons, there is no evidence 
whatsoever that intraoperative peritoned lavage - as compared to a combination 
of sucking out and swabbing or mopping - reduces mortality or infective com- 
plications in patients receiving adequate systemic antibiotics [i, 2]. Obsessive ir- 
rigators should be aware that leaving saline or Ringer’s behind may interfere with 
peritoneal defenses by “diluting the macrophages” [3]. (Bacteria swim perhaps 
better than macrophages!) 

Aggressive methods of source control and “toilet” are further discussed in 
Chaps. 41 and 42. 
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6 Device Removal 

Victor Lazaron, Gregory J. Beilman 



Key Principles 

• Make sure diagnosis of infection is secure. 

• Determine whether device removal would pose significant risk. 

• Assess complicating factors (virulence of infection, debilitation or immuno- 
suppression of patient, etc.) and history (has an attempt at conservative therapy 
failed?) 

• Whenindoubttakeitout. 



The management of device-related infections presents a unique set of challenges 
for source control - primarily of the relative merits of device removal versus ex- 
tended antibiotic therapies. The gold standard of therapy in the setting of serious 
infection remains the removal of foreign bodies. However, a number of devices 
cannot be removed without serious medical consequences. Few high-quality data 
exist to guide the surgeon in making these judgments. A structured approach to 
this clinical problem is presented. 

The spectrum of implantable devices runs the gamut from those absolutely 
necessary for life such as the ventricular assist devices to those that are easily 
removed, for example, temporary central venous catheters (Table i). Standard 
therapy for central venous catheter infection includes device removal [i, 2]. How- 
ever, when the surgeon contemplates the removal of other devices, the risk to the 
patient of device removal must be balanced against the benefit gained in treating 
infection. There are no randomized, controlled studies demonstrating the opti- 
mal therapy for these more difficult cases. However, many case series demon- 



Table 1. Implantable devices in decreasing order of medical necessity 
Ventricular-assist devices (LVAD, RVAD, BiVAD) 

Implantable pacemaker/defibrillator 
Orthopedic hardware 
Ventriculoperitoneal shunt 
Hemo/peritoneal dialysis catheter 
Peritoneovenous shunt 

Long-term venous access device (Portacath, Hickman, etc.) 
Short-term venous access device 
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strate that infections may sometimes be cleared without removal of the most vital 
devices [11-13]. A systematic approach should be employed in treating the patient 
with suspected implantable device-associated infection utilizing the key princi- 
ples outlined above. 

General Approach 

Accurate diagnosis is the first step and the cornerstone of treatment. Most patients 
with implantable devices in situ are suspected of having infection because of 
fever, with or without leukocytosis. However, dependence on such nonspecific 
signs as an indication of infection can lead to the unnecessary removal of un- 
infected devices. Studies of intravascular catheters removed for such “suspected 
infection” demonstrate that rates of infection may be as low as 15 % [3, 4]. There- 
fore, it is important to establish a specific diagnosis of catheter-related infection. 
Techniques of diagnosis vary with device type. Vascular access catheters may be 
assessed by culturing the catheter lumen at the hub, and the skin site, and by 
drawing quantitative blood cultures through the port [5, 6]. Negative cultures have 
a 96 % negative predictive value for device-associated infection. Temporary ca- 
theters may be exchanged over a guide wire and the catheter tip cultured quan- 
titatively [7]. Portacath-type reservoir catheters and ventriculoperitoneal shunts 
may be accessed for obtaining cultures. Implanted pacemakers, defibrillators, 
and orthopedic hardware are typically not accessible for obtaining cultures. 
However, imaging studies may reveal peri-device fluid collections that can be 
sampled under radiologic guidance [8]. Pacemaker lead infection is diagnosed 
by blood cultures and transesophageal echocardiography [9]. Ventricular assist 
device( VAD)-related infection can be diagnosed by blood cultures and by imaging 
using labeled-leukocyte scintigraphy [10]. 

The second step is the assessment of the medical difficulties posed by device 
removal, and the underlying patient risk factors which would prompt a less con- 
servative approach. You will not, of course, remove an LVAD, whereas you have 
already removed a temporary triple lumen catheter by this point. It is the cases 
between the extremes where judgment is required. The list of devices in Table 2 
is a rough guide, but patient factors may significantly alter your judgment. A 
functioning hemodialysis catheter in a dialysis patient with absolutely no other 
percutaneous options for access is more essential than an ankle screw. Such judg- 
ments generally should be made in conjunction with other specialists, and always, 
of course, with the patient in question. 

Next, assess the clinical characteristics of the current infection in this parti- 
cular patient. How is the patient doing? Treatment of the patient with signs of 
systemic inflammatory response syndrome (SIRS) and a potentially infected de- 
vice is likely to require a more aggressive approach than of the patient with only 
a low-grade fever. Similarly, the patient on steroids or who has systemic immuno- 
suppression from AIDS or transplantation may not demonstrate the systemic 
response of an otherwise healthy patient. He or she, too, will need a more 
aggressive work-up and treatment plan. What infection are you dealing with? 
Cultures are helpful in planning treatment. Many clinicians will attempt a con- 
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Table 2. Case series describing treatment of device-associated infection without device removal 



Device 


Treatment 


Reference 


Pacemaker/ 

Implantable defibrillator 


Device removal mandatory 




Orthopedic hardware 


Long-term antibiotics 


19 




Antibiotic therapy 


20 


Ventriculoperitoneal Shunt 


Device removal mandatory 




Hemodialysis catheter 


Antibiotic therapy plus 
antibiotic “lock” 


21,22 


Peritoneal dialysis catheter 


Antibiotic therapy +/- 
IP urokinase 


23 




Revision of catheter tract 


24 


Peritoneovenous shunt 


Antibiotic therapy* 


25 


Long-term venous catheter 


Antibiotic therapy 


26,27 



^ For treatment of peritonitis or wound infection, but not bacteremia which requires device re- 
moval. 



servative course of therapy for a coagulase-negative staphylococoal infection in 
a healthy patient, leaving a needed device in place, whereas S. aureus, Candida, 
or Gram-negative infection would prompt early device removal. 

Finally, if a trial of conservative therapy has been attempted without success 
or if infection has recurred, device removal is indicated. 

Specific antibiotic therapy can be tailored to the infection and the patient. 
Many clinicians treat coagulase-negative Staphylococcal infections by device 
removal alone, although there are no reliable data to support this practice, or 
indeed to support any specific duration of antibiotic therapy in other catheter- 
related infections. Our current practice is 3-7 days of intravenous vancomycin 
(quinupristin/dalfopristin or linezolid may also be options in selected patients). 
Interestingly, removal of intravascular devices is not required in order to clear 
coagulase-negative staphylococoal bacteremia. However, leaving the device in situ 
is associated with a 20 % recurrence rate during the same hospitalization versus 
a 3 % recurrence rate if the device is removed [13]. Staphylococcus aureus bacter- 
emia should be treated for a minimum of 7-10 days, and for at least 4 weeks if endo- 
carditis or septic thrombosis is suspected. Device removal is associated with 
decreased recurrence and mortality and is strongly encouraged [14]. Candidemia 
likewise mandates device removal because of its persistence and increased mor- 
tality if the device is left in place. Systemic therapy with fluconazole for suscept- 
ible Candida albicans, given for 7-14 days, may be appropriate treatment in 
selected patients [15, 16]. A course of amphotericin B should be strongly considered 
for patients with serious device-related infections (ICU, endocarditis), those not 
responding to fluconazole, or those with concomitant immunosuppression. 
Gram-negative device- related infections are unusual, but should be treated with 
device removal and 7 days of intravenous antibiotics. Leaving the device in situ 
increases treatment failure and recurrence rates [17, 18]. 
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Controversies 

Removal of the infected device remains the gold standard for the treatment of 
device-related infections. However, the growing use of a wide variety of implant- 
able devices is prompting clinicians to attempt treatment of infection without 
device removal. Attempts at salvage of life-sustaining infected devices, such as 
dialysis catheters or LVADs, is controversial. Numerous case series suggest that 
the strategy can be used successfully, but the only controlled study unequivocally 
demonstrating safety and efficacy is for central venous catheter-associated 
coagulase-negative Staphylococcal bacteremia. Several case reports and series 
describing the techniques for treating device-associated infection without device 
removal are listed in Table 2. We can expect more series, and perhaps controlled 
studies, in this area in the future. 




Diagram 1. Decision-making algorithm 
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Critical Factors and Decision Making 

To summarize, the critical factors in making treatment decisions are: 

1. Accurate diagnosis of infection with culture and sensitivity data when possi- 
ble 

2. An understanding of the medical difficulties posed by device removal 

3. Patient and infection-specific factors which may bias the clinician towards 
removal versus an attempt at treatment with the device in place 

A device which is no longer needed should always be removed. 

Device removal is strongly recommended in patients with documented infec- 
tion with S. aureus, Candida, or Gram-negative organisms, and in critically ill 
patients with SIRS and a strongly suspected device-related infection. Treatment 
of device-associated infection without device removal requires sound clinical 
judgment, balancing the relative risks and benefits of device retention and re- 
moval. 
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Invited Commentary 

Lori L. Burrows 



This chapter describes the basic principles to be followed when the removal of a 
medical device is contemplated. The use of medical devices of increasing levels 
of complexity and with a range of exposure to nonsterile areas or exit sites has 
risen exponentially in the past several decades. Regardless of site, infection re- 
mains the major complicating factor in medical device usage. While scrupulously 
introduced, totally implanted devices are less prone to infection, when infection 
occurs, it has much more serious repercussions. The authors correctly advise that 
the decision to remove a device must be balanced with the effect of its loss on the 
health of the patient, but the golden rule remains “If in doubt, take it out.” 

The difficulty associated with treatment of medical device infection arises in 
part from changes in physiology of the colonizing or infecting organisms that 
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occur following their attachment to a surface. Microorganisms attached to surface 
form“biofilms,” slow-growing accretions of cells within polysaccharide matrices 
that exhibit significantly enhanced resistance to host defenses and antimicrobial 
therapy compared with their free-swimming counterparts [1-3]. Their increased 
resistance to antibiotics often leads to incomplete clearance of infection, some- 
times with concomitant selection of resistant mutants. Problems can also arise 
from chronic indolent biofilm infections with organisms of low virulence. Al- 
though these microbes may not cause acute febrile episodes, they may conti- 
nuously stimulate a low-grade inflammatory response that can, for example, erode 
device/tissue junctions or anastomoses [4]. 

The authors caution that a correct diagnosis of infection is essential to an edu- 
cated decision regarding device removal. The input of infectious disease specialists 
with medical device infection experience can be helpful in directing therapy and 
aiding in the choice of whether to remove the infected device. In cases where no 
organism can be cultured, either because empiric therapy has been started or 
because the organism has fastidious growth requirements, it is now possible to 
apply molecular diagnostic techniques such as 16S rDNA polymerase chain re- 
action and DNA sequencing to identify the etiologic agent [5-8]. 

As the authors note, depending upon the infecting organism, stage of the in- 
fection, and type of device, aggressive and prolonged medical therapy can often 
allow salvage of the device. Some antibiotics have proven more useful than others 
for this application, possibly because they are more effective at penetrating bio- 
film matrices and at killing slow-growing organisms. In general, however, medical 
failures will eventually necessitate removal of the device. The authors mention 
Gram-negative bacteria. Staphylococcus aureus and Candida albicans in particular 
as etiological agents of medically recalcitrant medical device infections and cite 
improved outcomes upon device removal. 

To reduce or prevent biofilm-related infections, it is necessary for surgeons to 
be vigilant in handling devices in a completely aseptic manner when introducing 
or replacing them. Perioperative antimicrobial treatment of the patient, as well 
as the device, is helpful. The past decade has seen the introduction of temporary 
medical devices such as intravenous and urinary catheters and stents either 
coated or impregnated with a variety of antimicrobial agents, including antibiotics, 
antiseptics such as chlorhexidine, or silver compounds [9-14]. While the nominal 
value of these devices is in prophylaxis, they may also have considerable utility in 
reducing de novo biofilm formation if it is necessary to remove and immediately 
replace an infected device at a proximal site. The antimicrobial agent will reduce 
or prevent biofilm formation on the new surface while any infection of the sur- 
rounding tissues is resolved with more conventional therapy. With future de- 
velopments in biomaterials engineering, these surface treatments may be incor- 
porated into more complex and more completely implanted devices, giving 
added assurance that any organisms that manage to gain access to the device sur- 
face will not be able to survive. 
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7 Definitive Versus Temporizing Therapy 

Donald E. Fry 



Key Principles 

• The principle objective in the surgical management of intra-abdominal infection 
is to control the anatomic source of the infection, and not necessarily to fully 
treat the underlying disease process responsible for the Infection. 

• Surgical choices at the time of achieving source control may require that the 
procedure be temporizing with the knowledge that a subsequent procedure will 
be required,or the choice may be defin/f/Ve with the procedure designed to both 
control the source but also manage the underlying disease. 

• The judgment to select a temporizing versus a definitive procedure requires an 
integrated assessment of 

1 . the surgeon's knowledge about the underlying disease, 

2. systemic host factors, and 

3. the severity of the local inflammatory response. 



The principal objective in the initial surgical management of the patient with intra- 
abdominal infection is source control. Stemming the flow of contamination is 
essential for antimicrobial and systemic supportive management to be effective 
in the clinical outcome of the patient. However, for each primary disease entity 
that may cause intra-abdominal infection, there are multiple management options 
available to the surgeon. For example, in perforative appendicitis the most common 
choice for source control is appendectomy. Removal of the diseased appendix is 
a safe option for most patients and is definitive management. Appendectomy not 
only eliminates the source of contamination - the hole in the appendix - but it 
also removes the condition responsible for the secondary peritonitis - the diseased 
appendix itself. Infrequently, other options may need to be chosen. With perfo- 
ration and associated severe appendiceal abscess, the perforated appendix may 
not be readily identified. In this circumstance, external drainage alone may be the 
prudent option since attempts at finding and removing the appendix risk injury 
to bowel structures that are severely inflamed within the wall of the abscess ca- 
vity. Temporizing management means that control of the source may require an- 
other procedure at a future time for definitive management. In the example of the 
appendiceal abscess, interval appendectomy may be required at a future date, 
although this is controversial [i]. The temporizing strategy accepts that a future 
procedure may be required, but does so because pursuit of definitive manage- 
ment places the patient at increased risk. Temporary management achieves im- 
mediate control of the source and leaves definitive management for another day. 
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Table 1. Choices for source control in common scenarios of acute secondary peritonitis 
Disease Temporizing choice Definitive choice 



Perforated peptic ulcer 
Perforated benign gastric ulcer 

Perforated gastric cancer 

Perforated gallbladder with 
subhepatic abscess 

Perforated gallbladder with 
common duct stones 

Perforated cecum from right 
colon cancer 

Perforated sigmoid colon 
secondary to diverticulitis 

Perforated colon cancer 



Omental patch closure 
Omental patch closure 

None 

External drainage of 
abscess 

Cholecystectomy with 
T-tube drainage of 
common duct 

Right hemicolectomy 
and ileostomy 

Resection of perforated 
segment and colostomy 

Resection and colostomy 



Vagotomy and pyloroplasty, 
or vagotomy and gastrectomy 

Excision of ulcer and 
vagotomy/pyloroplasty; 
or gastrectomy 

Gastric resection 

Drainage of abscess and 
cholecystectomy 

Cholecystectomy and common 
bile duct exploration; 
or choledochoduodenstomy? 

Right hemicolectomy and 
ileotransverse colostomy 

Resection and primary 
anastomosis 

Colectomy and primary 
anastomosis 



Definitive Versus Temporizing Management 

There are numerous temporizing and definitive choices. Table i identifies examples 
of temporizing and definitive management choices for common diseases that 
cause intra-abdominal infection. A definitive choice for the disease may still be a 
temporizing choice relative to reconstruction (e.g., perforated colon). The choice 
of a definitive or temporizing strategy is obviously influenced by the completeness 
of information that the surgeon may have about the patient’s clinical circum- 
stances. The specific choice of definitive management or not is dictated by: 

• Knowledge of the disease being managed 

• Systemic risk factors that are present in the patient at the time of management 

• Local factors within the peritoneal cavity that are encountered at the time of 
surgical intervention for source control 



Knowledge of the Disease 

Is the perforation due to a malignancy? This question is vitally important in the 
selection of a definitive operation, and may preempt systemic and local factors 
that might otherwise favor the choice of a temporizing strategy. Perforation of a 
gastric lesion is an example of the cancer conundrum. Local excision, closure, and 
vagotomy and pyloroplasty are logical (among other choices) for the management 
of a perforated benign gastric ulcer. The surgeon accepts this choice knowing 
that it may not prove to be definitive (when compared to gastric resection) for 
the patient’s disease [2]. However, a perforated gastric cancer requires gastrec- 
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tomy, even though local inflammatory changes or the overall conditions of the 
patient might favor a more expedient and less risky management strategy [3]. 

Perforation of a sigmoid mass can be managed by limited resection if the cause 
is diverticular disease. If the perforation is from colon cancer, then resection of a 
longer segment of colon with its mesentery is necessary. The surgeon will com- 
monly not have a definitive diagnosis, and the choice may be dictated by the 
management option of the worst case situation (i.e., assume that it is cancer) [4]. 
The highly contentious, second decision needs to be made about primary anasto- 
mosis or colostomy [5]. Intraoperative preparation of the colon with anastomosis 
would be advocated by some, while colostomy would be advocated by most. Other 
systemic and local factors may affect the clinical decision (see Chap. 12). 

Other situations may dictate changes in the surgical strategy. Ileocecal perfo- 
ration secondary to Crohn’s disease would favor more limited resection of the bowel 
than if the cecal perforation is a result of adenocarcinoma [6]. Cholecystectomy 
alone for a perforated gallbladder may seem prudent, but knowledge of chole- 
docholithiasis may require the temporizing strategy of using a T-tube. Knowledge 
of the patient’s disease enforces the concept that the choice of temporizing versus 
definitive management is never absolute, but rather, surgical judgment must be 
modified as the clinician understands more clinical variables. 



Systemic Factors 

Patient factors commonly affect the decision process. Such systemic factors may 
reflect preexisting clinical conditions, or may be acquired circumstances due to 
systemic responses to the intra-abdominal infection. 

Preexistent protein-calorie malnutrition and hypoalbuminemia, chronic renal 
failure or hepatic cirrhosis, or chronic corticosteroid management are common 
co-morbid conditions. These systemic factors result in poor wound healing, favor 
temporizing choices that anticipate less efficient wound healing, and may reduce 
surgical wound morbidity from the procedure. Patients with unstable or decom- 
pensated cardiac disease, and or severe preexistent pulmonary disease will likely 
have poor tissue perfusion and oxygenation, which favors avoiding anastomoses 
or other definitive measures. 

Intra-abdominal infection itself produces acute systemic derangements that 
favor temporizing strategies. Hypovolemia and sepsis generally result in con- 
ditions that favor brevity in the length of operation and of general anesthesia. Re- 
spiratory distress syndrome, hepatic failure, renal failure, and coagulopathy as 
component parts of evolving organ failure similarly favor the temporizing choice. 
On the other hand, for patients without either preexistent or acquired systemic 
factors, definitive intervention is favored. 



Local Factors 

The intensity of inflammation within the peritoneal cavity is the most consis- 
tently cited variable influencing the decision for temporizing versus definitive 
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strategies. Inflammation affects attempts to suture intestinal structures, since the 
tensile strength of tissues that are approximated is compromised when tissues 
are severely edematous. While the inflammatory process initially results in in- 
creased bulk perfusion to the area of injury, the consequences of sustained and 
destructive inflammation yield increased tissue hydrostatic pressure and relative 
ischemia to the area. 

The magnitude of inflammation is highly variable in intra-abdominal infec- 
tion, requiring the surgeon to make a subjective assessment about its conse- 
quences for surgical repair. The duration of peritonitis is one variable that affects 
the severity of inflammation. Delays in seeking medical attention, or delays be- 
cause of uncertainty about the diagnosis, result in increased local inflammatory 
changes. In one study of peritonitis [7], local symptoms of peritonitis had com- 
monly been present for 3 days before operation was undertaken. A perforated ap- 
pendix or perforated diverticulum which has been present for this long will be 
associated with a more severe local inflammatory response than that which is 
seen within 12-24 h of perforation. The density of bacterial contamination is yet 
another variable that affects the inflammatory response. No culturable bacteria 
are identified in acute perforated peptic ulcers [8], while sigmoid perforations 
have 10^° microorganisms per gram of colonic contaminant. The effects of the 
bacteria are augmented by adjuvant factors from the perforation. Bile acids pro- 
mote inflammation. Activated pancreatic enzymes in the contaminants from the 
duodenum or proximal jejunal perforations will enhance the inflammatory 
response. Free hemoglobin, necrotic tissue, and biologic debris within human 
stool will also enhance the inflammatory response generated by the microbial 
contaminant. 



Making the Decision 

Surgical judgment at the time of the source control procedure is required to make 
the choice regarding the extent of the operation (see Diagram 1). When technical 
ease allows removal of the disease (e.g., appendectomy for perforative appendi- 
citis), then definite procedures are favored. Catastrophic situations with distorted 
anatomic detail from massive contamination and extensive inflammation favor 
the limited intervention to achieve control of the source, including eradication of 
pus, exudate, and necrotic tissue. There are many “gray” areas that fall between 
these two extremes. When systemic and local factors are sufficiently severe that 
the surgeon has second thoughts about proceeding with definitive management, 
then temporizing strategies are preferred. However, even when making the tem- 
porizing choice, appropriate control of the source of contamination is always re- 
quired and cannot be compromised. 
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Intra-abdominal 

Infection 

i 



Proven or Probable Cancer 





Diagram i. Algorithm for the selection of definitive versus temporizing choices when operations 
for source control are being performed in patients with intra-abdominal infection 
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Invited Commentary 

Edwin A. Deitch 



The chapter by Dr. Fry provides a clear and well-balanced approach to the surgical 
management of patients with intra-abdominal infections due to common surgical 
diseases. Several important concepts are stressed, including the concept that in 
most patients with peritonitis definitive therapy that both controls the source of the 
Infectious process as well as its manifestations is the best option. However, there are 
some patients in whom source control either cannot be achieved or in whom it 
should not be attempted. This concept too is well articulated by Fry and is sum- 
marized for common causes of secondary peritonitis in Table i, as well as outlined 
in an algorithm focusing on the choice between definitive versus temporizing 
therapy. The notion that the principle objective in the initial surgical management 
of the patient with intra-abdomind infection is source control whenever possible 
is well covered. Since adequate source control is so important in limiting morbidi- 
ty and optimizing patient survival, it is important to discuss the shades of gray that 
may exist in obtaining “source control” in patients with intra-abdominal infections 
as well as to point out those circumstances in which surgical source control may 
not be the optimal initial therapy. Thus, my commentary will focus on these issues 
building upon the foundation laid in the previous chapter. 



The "Difficult" Source Control 

There are several groups of patients in whom source control and definitive therapy 
are most difficult. These include the trauma patient (Chap. 32), the patient with 
postoperative peritonitis (Chaps. 35 and 42), the patient with necrotizing pan- 
creatitis (Chap. 17) and ICU patients, especially those with organ failure or dys- 
function. For example, diagnosing an intra-abdominal infection in the patient 
after abdominal surgery is frequently difficult, since the standard signs we rely 
on to diagnose an intra-abdominal process, such as pain, fever, or leukocytosis, 
are unreliable. In fact, the first clear sign of an intra-abdominal infection may be 
the development of hemodynamic instability or organ failure. Likewise, in the 
trauma patient, where peritonitis may occur secondary to a missed injury or break 
down of an anastomosis, diagnosis may be difficult [1]. Once a diagnosis of intra- 
abdominal infection is made, the next decision is whether or not the patient is an 
immediate candidate for surgery. In this respect, it is important to classify pati- 
ents according to whether they have a localized walled-off abscess or diffuse pe- 
ritonitis. Patients with localized fluid collections are candidates for percutaneous 
drainage, while patients with generalized peritonitis require prompt laparotomy, 
debridement of necrotic tissue, and when possible, control of the source of intra- 
peritoneal contamination. Furthermore, in the high-risk patient, definitive source 
control may not be possible due to extensive inflammation or peritoneal conta- 
mination limiting the ability of the surgeon to safely remove the diseased tissue 
or perform an anastomosis. 
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In planning the approach to intra-abdominal infection in these high-risk 
patients, understanding the response of the peritoneal cavity to infection is cri- 
tical. Under normal circumstances, the peritoneal cavity is relatively resistant to 
a bacterial challenge. However, in the presence of adjuvant substances, such as 
fibrin, hemoglobin, and necrotic tissue, bacteria can evade the normal host de- 
fenses, and cause an intra-abdominal infection. Conceptually, it is useful to view 
the various types of abdominal sepsis (peritonitis, phlegmon, abscess) as a con- 
tinuum. This point can be illustrated by considering what occurs when a colonic 
anastomosis leaks or a diverticulum ruptures. First, the peritoneal host defenses 
attempt to isolate the site of bacterial contamination from the rest of the peri- 
toneal cavity. This is accomplished by the induction of a local inflammatory 
response with the resultant influx of neutrophils and the deposition of fibrin to 
trap the invading bacteria and to help seal the site of perforation. If the locally 
deposited fibrin, with the aid of the omentum and surrounding viscera, can wall 
off the colonic leak, a generalized peritonitis does not occur. Instead, a phlegmon 
or abscess develops, which may require debridement or drainage. In fact, in some 
circumstances (phlegmon and/or small abscesses), local host defenses in con- 
junction with antibiotics can lead to resolution of the inflammatory process with- 
out surgery. On the other hand, attempts to remove diseased tissue in a hostile ab- 
domen in an overly aggressive attempt to achieve definitive source control may 
only make matters worse. Thus, in some patients, temporizing measures and sur- 
gical moderation rather than definitive therapy should be the goal. 

In summary, in addition to the concepts outlined in the chapter by Dr. Fry, con- 
sideration of the stage of the intra-abdominal process (peritonitis, abscess, or 
phlegmon) as well as the local conditions within the abdomen and the degree of 
bacterial contamination are important factors in deciding whether definitive 
source control can or should be attempted. 
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Editorial Comment 



The precise selection of a definitive versus temporizing source control procedure 
in the emergency surgical patient is crucial for survival. Both doing “too little” or 
doing “too much” may kill the patient. How to arrive at the “correct” decision re- 
quires experience and often a sixth sense: it is easier to mechanically cut, resect, 
and stitch up than decide exactly what to do - it requires judgment - which Drs. 
Fry and Deitch shared above with us. 

As Dr. Fry stressed, the choice of operation should be tailored to the condition 
of the patient (systemic factors), the disease (i.e., the source), and its local conse- 
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quence (i.e., local factors). It is only logical (but never scientifically proven) that 
operations of a lesser magnitude are safer in compromised hosts. Using objective 
scores to measure the severity of acute illness (and chronic health), such as the 
APACHE II, may aid in tailoring the procedure to the patient. “Fit” patients (i.e., 
APACHE II scores below lo) can tolerate any operation, while in the sicker (i.e., 
APACHE II scores above 15) less done may be better [1]. 

As Dr. Deitch discussed, there are conditions for which the source control is 
difficult. There are also sources which are easy to control - and there are those 
for which there is no need for an operative source control. The addition of modern 
CT scanning to well-developed clinical acumen allows the surgeon to pursue 
selective nonoperative management in a growing spectrum of conditions. Lack 
of systemic toxicity, localized abdominal findings, accurate CT diagnosis of the 
source - coupled with absent or a minimal amount of free air or contrast extra- 
vazation - predicts that an operation may not be necessary in conditions such as 
perforated peptic ulcers [2], colonoscopic colonic injuries [3], and post-ERCP 
perforations of the duodenum [4]. 

One can view the surgical patient who requires source control as being inflamed, 
locally and systematically, by a myriad of inflammatory mediators generated by the 
primary disease process, be it inflammatory, infectious or traumatic. The greater 
the inflammation, the sicker the patient, and higher is the expected mortality and 
morbidity. A too big operation, inappropriately performed, and too late, just adds 
wood to the inflammatory fire. The philosophy of treatment underlined here by 
weathered surgeons such as Fry and Deitch is that in order to effectively cure 
or minimize the inflammatory processes the management should be accurately 
tailored to the individual patient’s disease. The punishment should fit the crime. 
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8 Deciding on the Extent of Surgical Therapy 

Giuseppe Papia, John C. Marshall 



Key Principles 

• The extent of source control intervention is guided by the nature of the infection 
and the stability of the patient, and tempered by an awareness of what will be 
required in the future. 

• The fundamental principles of source control include the drainage of abscesses 
or localized collections of infection,debridement of devitalized and necrotic tissue, 
and definitive management of fod of ongoing contamination. 

• The first priority in planning the extent of source control is to ensure adequate 
infection control; the second, to eliminate a source of ongoing contamination; 
and the third, to minimize the morbidity associated with future intervention. 

• The more extensive the initial intervention, the greater the challenge of sub- 
sequent reconstruction: the optimal intervention is that which accomplishes 
the source control objectives in the simplest manner. 



A 63-year-old man is hospitalized with left lower quadrant pain and tender- 
ness, in association with fever and leukocytosis. The CT scan reveals extensive 
diverticulitis of the sigmoid colon, with a 7-cm peridiverticular abscess con- 
taining fluid and air. What is the optimal treatment? Antibiotics and expectant 
observation? Surgical drainage with a proximal diverting colostomy? Surgical 
drainage by resection of the involved colon, with or without an anastomosis? 
Or percutaneous drainage? 



There are numerous options for source control in complex infections; selecting 
the optimal strategy for a particular clinical situation is often difficult. Multiple 
factors must be considered in making a decision, including the site and extent of 
the infection, its associated complications, the physiologic stability of the patient, 
the duration of the disease process, the preceding surgical history, the availability 
of resources for imaging or interventional radiology, and the experience of the 
surgeon and the availability of assistance. While generic guidelines can be offered 
for the management of a particular infection, the large number of variables that 
may influence the final decision in an individual patient effectively precludes a 
single approach, and management must be tailored to the specific clinical 
circumstances. The clinical variability present in patients with a particular in- 
fection, and the inherent complexity of the decision-making process poses a sig- 
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nificant impediment to the design and conduct of clinical trials to compare thera- 
peutic strategies [i]. Nonetheless, principles can be articulated that should guide 
a final decision. 



Physiologic Stabilization 

Resuscitation and physiologic stabilization of the unstable patient takes pre- 
cedence over source control, and in almost all circumstances, intervention should 
be delayed at least long enough to stabilize the patient hemodynamically, and to 
institute appropriate monitoring. The exception is the rare circumstance where 
infection is accompanied by exsanguinating hemorrhage and surgery is under- 
taken as a heroic measure to control bleeding, such as might occur, for example, 
following erosion of a focus of infection into a major blood vessel such as the aorta. 
Whether planned source control will necessitate a trip to the interventional radio- 
logy suite or to the operating room, transport of an unstable patient is hazardous, 
monitoring in the radiology department is invariably suboptimal, and the in- 
duction of anesthesia is accompanied by peripheral vasodilatation. Prior stabi- 
lization minimizes the risks of intervention. When infection is accompanied by 
significant physiologic instability, resuscitation and stabilization is best accomp- 
lished in the intensive care unit. 



Imaging 

High-resolution computed tomography (CT) has provided the clinician with 
a rapid, and highly effective diagnostic tool that can not only establish the need 
for intervention, but can also provide valuable information to aid in planning 
that intervention. For most patients in whom source control measures are con- 
templated, radiographic delineation of the problem prior to planned intervention 
greatly facilitates decision making, and the role of urgent surgical intervention, 
guided by signs and symptoms alone, is diminishing. There are of course obvious 
exceptions - the patient with diffuse peritonitis and intra-abdominal free air on 
X-ray examination, the patient in whom ischemia poses an immediate threat to 
intestinal viability, the patient with a rapidly spreading soft-tissue infection, 
or the patient with clinically apparent acute appendicitis - however, if accurate 
anatomic delineation of the underlying problem will aid in choosing between 
therapeutic options, appropriate radiographic investigations should be performed. 



Treatment 

Source control measures can be classified into those directed towards the drainage 
of a discrete focus of infection (thereby creating a controlled sinus or fistula), 
those undertaken to debride devitalized and infected tissue or to remove colonized 
devices, and those performed with the objective of definitively correcting a locus 
of ongoing microbial contamination [2]. In general, the best management option 
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is the one that accomplishes its objective with a minimum of intervention, and 
thus with the least risk to the patient, both now and in the future. 



Drainage 

The least morbid approach to drainage involves the percutaneous placement of 
a small bore drain under CT or ultrasound guidance [3, 4]. Although the technique 
is most applicable to unilocular abscesses, more complex collections can be drained 
with the use of multiple drains. And even if percutaneous drainage does not pro- 
vide definitive control of a focus of infection, it may often permit the clinician to 
temporize, transforming an emergent situation with a significant risk of morbi- 
dity into a more elective one. For example, percutaneous drainage in the unstable 
or high-risk patient with acute cholecystitis will usually result in resolution of the 
acute inflammatory process, permitting subsequent laparoscopic or open chole- 
cystectomy on an elective basis. Laparoscopic drainage of abscesses within the 
peritoneal cavity [5] and mediastinum [6] has been described. Although experi- 
ence is anecdotal, minimally invasive approaches offer many of the advantages of 
percutaneous drainage, and may also be attractive for the control of infection by 
debridement (see below) in anatomically challenging locations, such as the re- 
troperitoneum of patients with infected peripancreatic necrosis [7]. Operative 
intervention is generally reserved for patients in whom less invasive procedures 
have been unsuccessful, or in whom additional intervention is contemplated to 
achieve definitive management of the source of bacterial contamination. A mid- 
line abdominal incision permits the widest access to the peritoneal cavity, and 
maximizes the potential sites for stoma placement should one be needed. How- 
ever, if the infectious process is localized, a lateral incision such as a subcostal or 
flank incision may be more appropriate. The success of percutaneous techniques 
has largely rendered obsolete the classical posterior extraserous approach to the 
subphrenic space, through the bed of the 12th rib [8]. 

Debridement 

Debridement is the physical removal of dead or devitalized tissue or colonized 
foreign bodies. Devitalized tissue provides an excellent culture medium for bac- 
teria, and protects them from antibiotics and host phagocytic cells, consequently 
its removal is desirable. However, at least in the early stages of an infection, a zone 
of partially viable tissue is typically present between that tissue which is clearly 
viable and that which is clearly not. Debridement can result in significant bleed- 
ing and when that bleeding occurs in a relatively inaccessible site such as the 
retroperitoneum, it can present a significant threat to the patient. In general, 
debridement of necrotic skin and subcutaneous tissues, and of muscle in patients 
with myonecrosis, should be undertaken aggressively and without delay [9, 10]. 
On the other hand, tissue necrosis in the retroperitoneum does not pose an 
imminent threat to life, and for patients with infected pancreatic necrosis, 
debridement may be better delayed until demarcation of tissue planes has 
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occurred, typically at least 3 or 4 weeks after the onset of the disease [11]. The 
decision to remove a colonized foreign body must weigh the benefits of device 
removal against the risks of intervention; for deep-seated devices, a trial of anti- 
biotic therapy is almost always warranted. 



Definitive Management 

The need for definitive management of the pathologic process causing infection 
has become one of the major indications for operative intervention in patients 
requiring source control. Such interventions may include the resection of a 
necrotic or perforated tumor or the excision of the sigmoid colon in patients with 
diverticulitis or an inflamed organ such as the gallbladder or appendix. Recent 
reports suggest that resection and primary anastomosis is at least as good as, and 
perhaps superior to, resection and colostomy, for the patient with perforated 
diverticulitis [2, 12]. Not only is the risk of major morbidity with the primary 
operation relatively small, but anastomosis obviates the often underestimated 
morbidity that accompanies reconstructive procedures such as colostomy closure 

[13,14]. 

The need for subsequent intervention must be carefully and expHcitly addressed 
by the surgeon at the time of the initial intervention, and may well change as 
developments in nonsurgical therapy occur. For example, although definitive 
antiulcer therapy (a vagotomy and drainage procedure, with or without a gastric 
resection) can be safely performed in many patients undergoing operation for 
perforated peptic ulcer, proton pump inhibitors, and an understanding of the role 
played by H. pylori in the pathogenesis of acid pepsin disease have largely elimi- 
nated the need for surgical management, and most patients can be managed with 
patch closure only, followed by medical therapy - or even without operative in- 
tervention. 



Late Reconstructive Procedures 

Surgical intervention to control infection raises the probability that the patient 
will require subsequent reconstructive procedures before returning to optimal 
health. Such procedures commonly include the closure of stomas and the repair 
of abdominal wall hernias; abdominal fistulae are less common, although their 
treatment typically commits the patient to a prolonged course away from work 
and normal activities of daily living. It is important for the surgeon to consider 
the need for such subsequent reconstructive procedures in devising a therapeutic 
plan at the time of the initial intervention. 

The morbidity of complex infection arises not only during the initial infectious 
episode, but also during subsequent reconstructive interventions [15]. This late 
morbidity can be minimized if the surgeon consciously plans for the future at the 
time of the initial intervention. Stomas, when created, should be sited so that 
their closure is facilitated. Bringing both ends of defunctioned intestine out 
through the same stoma site can greatly facilitate subsequent stoma closure. 
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Alternatively, a proximal loop ileostomy protecting an anastomosis is substan- 
tially easier to close than the end colostomy and pelvic pouch created during a 
Hartmann procedure. 

Selection of Procedure 

The primary objective of source control intervention is to eliminate the potential 
for a focus of infection to serve as a portal of entry for bacteria and bacterial pro- 
ducts. Excision or exteriorization of the focus of infection will generally accomplish 
this goal, and the optimal choice is the one that is the simplest and safest - typi- 
cally percutaneous drainage or superficial debridement. An infectious process 
that is poorly localized, or inaccessible to percutaneous techniques, will be best 
managed surgically. Similarly, soft-tissue infections with a virulent course call for 
immediate and aggressive surgical debridement. 

Once the focus of infection has been controlled, definitive management of the 
source of contamination can be approached in a more deliberate, and even elec- 
tive, manner. Percutaneous drainage of an appendiceal abscess, for example, 
usually controls the infectious process and permits the surgeon to plan delayed 
therapy in the form of an interval appendectomy. When control of the infection 
is accomplished operatively, these definitive procedures should be undertaken 
simultaneously, if inflammation is minimal, and the physiologic status of the 
patient permits a longer procedure. If there is extensive inflammation, definitive 
therapy may carry a higher risk of complications such as anastomotic leak. 



Summary 

These principles can be used to guide the decision-making process for the patient 
presented at the beginning of the chapter. Resuscitation and stabilization is the 
most urgent priority, superseding any consideration of source control inter- 
vention. This has been accomplished, and we have been able to characterize the 
problem anatomically with a CT scan, that shows diverticulitis and a diverticular 
abscess. While expectant observation with antibiotics is a possible option here, it 
is not the best, for it will be slow, and carries the risk that the abscess may rupture 
into the free peritoneal cavity. A much better option in a stable patient is per- 
cutaneous drainage of the abscess, followed later by an elective sigmoid resection 
with primary anastomosis. Resection is another option, but requires immediate 
surgical intervention with its potential risks in a sick patient, and may result in 
contamination of the peritoneal cavity. On the other hand, if the clinical or radio- 
graphic findings suggest that the infectious process is not localized to the left lower 
quadrant, operative intervention with sigmoid resection will be more effective in 
achieving source control than percutaneous drainage. 
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Invited Commentary 

Rhonda S. Fishel, Adrian Barbul 

Come gather around surgeons wherever you roam 
And admit that your treatment options have grown 
And accept that surgery does not stand alone 
There is a battle for your patient and it’s ragin’ 

The decision to cut is no longer cast in stone 
Because the times, they are a changin’ 

(With apologies to Bob Dylan) 

As the opportunities to use our manual prowess as surgeons have declined, the 
need for superior judgment has been enhanced. Although our patient care goals 
remain the same, the means to get there are continuously evolving. To the extent 
that we embrace this concept, our role in patient care will be maintained. Naturally, 
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there are still patients for whom surgery is the first line of treatment. Further, we 
serve often to correct complications or salvage treatment failures of other 
modalities. Nonetheless, the more limited role for surgery in the management of 
many inflammatory and infectious processes has occurred because of advance- 
ment in several areas. 



Diagnostic Advancements 

“The skin should never stand between you and the diagnosis.” These words, passed 
from generation to generation of surgeons, must now be modified. The field of 
radiology, with its expanding armamentarium of studies, has offered increasing 
accuracy in the diagnosis of infection and inflammation. In addition to plain 
films (with or without fluoroscopy), we have ultrasound, magnetic resonance 
imaging (MRI), tagged white blood cell scans, and of course computerized 
tomography (CT). CT is available in most locations, day or night, work day or 
holiday, with images a surgeon can read and that can be electronically sent to the 
home of the radiologist. The studies provide information that heretofore was only 
available by laparotomy. CT scan is exquisitely sensitive in demonstrating free intra- 
abdominal air, as well as showing pancreatitis, mesenteric stranding, intestinal 
leakage, bowel obstruction, and gas-containing soft-tissue collections in the ab- 
domen and beyond. CT scan is reasonably, but not completely, accurate in sepa- 
rating phlegmon from drainable abscess. As with other effective, readily available 
techniques, CT scan is highly overused. “If you build it, they will come” has never 
been more true. We worry that CT scan has come to replace a good physical ex- 
amination and evaluation using simpler studies. For example, a patient with a rigid 
abdomen and free air under the diaphragm does not need a confirmatory abdo- 
minal CT. Likewise, a young man with diffuse abdominal pain localizing to the 
right lower quadrant, fever, McBurney's point tenderness, and an elevated white 
blood count, might be able to go to the operating room without a scan. A floccu- 
lent abscess from skin popping an illicit substance is just that, and can be drained 
based on exam alone. 



Percutaneous Drainage 

“There is no body cavity that cannot be reached with a number 14 needle and a 
good strong arm” - The Fat Man, House of God [1]. Of course we would scoff to- 
day at the Braille-like approach of the Fat Man. First described in the mid-1970s, 
percutaneous drainage of infection has virtually supplanted open drainage of 
loculated deep collections [2-4]. This technique is generally effective for single or 
multiple abscesses, may be used in the abdomen, chest, retroperitoneum, or pel- 
vis, and is performed via either CT or ultrasound guidance. In some cases, aspi- 
ration alone will suffice; however, if the collection is large, or associated with an 
ongoing source of leakage, a catheter will be left in place. It is most interesting 
that, in many circumstances, this technique alone provides adequate treatment 
of an abscess. This goes in the face of the long held surgical principle of abscess 
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drainage which states that the infected cavities need to be opened widely and 
kept packed until they heal from the bottom up. 



Percutaneous Drainage Is Particularly Useful in Several Circumstances 

An abscess is present following the perforation of a piece of bowel such as a di- 
verticular process (as discussed by the authors in this chapter) or an appendiceal 
abscess. Assuming the process is localized, percutaneous drainage allows the pro- 
cess to cool down, and surgery to take place electively rather than emergently. As 
Drs. Papia and Marshall note, this would permit a one stage procedure for the 
treatment of diverticulitis with primary anastomosis, likely obviating the need 
for a colostomy. In the case of a critically ill patient, percutaneous drainage, even 
if only providing temporary control of infection, can be performed using local 
anesthetic which is better tolerated than the general or regional anesthetic re- 
quired for surgery. A postoperative patient with an abscess from an ongoing bowel 
leak benefits from percutaneous drainage to allow localization of the process and 
adequate control of the infection/inflammation by creating a controlled fistula. 
The alternative to this would be to return to the operating room at a time when 
the abdomen will show pronounced inflammation. The risk of further bowel in- 
jury in that setting is not insignificant, nor is the potential for heavy blood loss. 
Urgent operative intervention would thus be limited to the patient with diffuse 
peritonitis. 



Improved Understanding of the Behavior of Certain Disease Processes 

“Oh, they ask the same questions every year, it is just that the answers change.” - 
preparing residents to take the Board Exams. For the most part, we are treating 
the same surgical inflammations and infections as we have done for years, it is 
the role of surgery in this process that has evolved. Pancreatitis is a case in point. 
Surgeons have had a love/hate relationship with this disease for years. The pen- 
dulum has swung from never operating, to the notion that everyone benefits from 
surgery, to the daily look and debridement (with or without zipper), to the wait 
and see approach [5]. This latter strategy involves such frequent trips to CT scan, 
that there are often grooves carved in the floor between the patient’s bed and the 
scanner. As abscesses are found they are drained percutaneously. If abundant 
pancreatic tissue becomes necrotic, a one-time necrosectomy is performed, 
although now some surgeons are advocating surgical debridement only if the 
necrotic collection is infected [6]. If the disease has changed it is only in the con- 
text that ICU care has generally allowed us to keep even the sickest pancreatitis 
patient alive. We appreciate the raging fire and subsequent smoldering of the pro- 
cess better. We realize that we do not have much of a hose, just the ability for sup- 
port, prevention of treatable causes such as gallstones, and clean up. Does this 
mean that the surgeon should abdicate his or her role in the management of pan- 
creatitis? Not at all, we just have to be more cognizant of when we should use the 
weapons that we have. 



70 



G. Papia and J. C. Marshall 



There remains a crucial role for surgery to play in the management of inflam- 
matory processes and infection. The role has two arms, which we think are equal- 
ly important. The first and perhaps most obvious is the ongoing need for surgi- 
cal intervention. At least today, the treatment of diffuse peritonitis is still surgical 
exploration, generally via laparotomy, though in selected cases the use of lapa- 
roscopy may be sufficient and efficacious. Simple appendicitis, chronic diverti- 
culitis, and cholecystitis should, under most circumstances, be treated operati- 
vely and definitively. The risk of infarcted small bowel from obstruction, 
volvulus, or mesenteric ischemia merits surgical exploration as there is no dia- 
gnostic test which is specific and sensitive for these diagnoses. Obvious soft-tissue 
abscesses, fasciitis, and myonecrosis are certainly best managed surgically. Many 
a life and limb have been lost by prolonged antibiotic management in the absence 
of surgical intervention. Although the operation required is frequently dramatic, 
such as amputation, it may well be life saving. We have all witnessed the elaborate 
dance with the latest technology that takes place before some of our medical col- 
leagues will call us to care for a clearly surgical problem. 

The second arm of our role in the management of these patients is sometimes 
more subtle and has to do with judgment. Each disease process occurs in the con- 
text of a patient complete with co-morbidities of varying significance, which forces 
us to consider every case individually. The enthusiasm for the big operation for 
the big problem becomes tempered over time as we care for the calamities we 
create. We occasionally have to accept the standby position while methods less 
invasive are utilized, and be prepared to intervene if these are unsuccessful or 
attendant with complications. (While the invasive radiologists have been most 
helpful to us, their procedures may be complicated by bleeding or bowel perfo- 
ration which they cannot repair.) The reward becomes the outcome and not the 
operation. If we acknowledge that uncontrolled infection and/or inflammation 
results in the release of cytokines and other mediators which will instigate organ 
dysfunction and potentially organ failure, it would follow that rapid, decisive 
control of infection would be desirable. We believe that the surgeon remains the 
ideal physician to manage this process. We are most adept at aggressive resusci- 
tation which is often crucial in these patients, and we can act decisively when 
warranted. We can recognize most quickly the success or failure of a treatment 
modality, and can provide the big fix if necessary and deal with its sequelae. 
Although our role has changed in character, it remains ever important. 
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9 Consequences of Failed Source Control 

Philip S. Barie, Soumitra R. Eachempati 



Key Principles 

• Failure of source control is more important than "antibiotic failure" in defining 
the outcome of surgical infections in general and intra-abdominal infections in 
particular. 

• Source control of an intra-abdominal infection may fail because of a poor choice 
of operation, or the correct operation performed poorly or with poor timing. 

• Leaving the abdomen open is a viable (and often necessary) adjunct to surgical 
management of recurrent intra-abdominal infection. 

• Systemic consequences of failed source control include nosocomial Infections, 
nutritional and metabolic disorders, and multiple organ dysfunction syndrome. 



Introduction 

Failure of source control is a particular problem in those infections, for example 
intra-abdominal infections and necrotizing soft tissue infections, where a surgical 
procedure of some kind (e.g., celiotomy, debridement, percutaneous drainage) is 
central to the management of the infection. Some clinical features of failed source 
control are generic to the problem of sepsis and a dysregulated host response, 
whereas other features are specific complications of the underlying infection. 

Hypovolemia, carbohydrate intolerance, and organ dysfunction are examples 
of generic adverse consequences, whereas abdominal compartment syndrome, 
enterocutaneous fistula, and amputation are examples of specific consequences. 
Some complications maybe interrelated, such as organ dysfunction related to ab- 
dominal compartment syndrome, or necrotizing fasciitis that develops in an ab- 
dominal incision. Considering that the large majority of cases of failed source 
control will occur in the treatment of complicated intra-abdominal infections, 
this discussion is oriented toward the peritoneal cavity. 



General Approach to Failed Source Control: 

Intra-abdominal Infection 

It is fortunate that surgical intervention for intra-abdominal infection is usually 
successful, because the consequences of failure are grave, and include the possi- 
bility of death [i]. Some complications arise from the recurrent infection itself, 
whereas others are clearly iatrogenic. The magnitude of the morbidity of failed 
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source control may also be related to the timeliness of reintervention, which, in 
turn, is dependent upon a high index of suspicion and rapid diagnosis. 

Uncontrolled infection will spread and the progression can sometimes be rapid, 
because coincident tissue ischemia is commonplace. An infection may become 
generalized within the peritoneal cavity because of the combined effects of fai- 
lure of peritoneal host defenses [2], and proteases elaborated by pathogens, or 
because of an initial source control procedure that contaminates previously un- 
infected loci. Contamination can occur as a result of open procedures or per- 
cutaneous drainage; for example, with the latter, the catheter may inadvertently 
transit an adjacent hollow viscus, or may rupture a thin-walled collection as it is 
being punctured. Similarly, leakage may occur along the tract of the catheter. 

Infection can invade natural tissue planes, but it may also take advantage of 
surgically created planes, for example, a contiguous surgical incision. The surgical 
incision is invariably contaminated by bacteria after an abdominal operation for 
infection; depending on the type and extent of the infection and whether the in- 
cision is closed completely, the infection rate may be 30 % or higher [3]. A surgi- 
cal site infection therefore is not necessarily a manifestation of failed source con- 
trol. Conversely, however, failure of source control, with the potential for ongoing 
contamination of the wound, is a risk factor for the development of necrotizing 
infection of the wound. Necrotizing soft tissue infection is a devastating compli- 
cation, because the need for surgical debridement may result in tissue loss suffi- 
cient to preclude wound closure even after the infection itself is controlled. Both 
patient and surgeon must then contend with all of the potential complications of 
an open abdomen, including fluid and protein losses, gut dysmotility, entero- 
cutaneous fistula, and evisceration (early), or herniation (late, after skin grafting 
has closed the wound) [4]. 

Rarely an uncontrolled infection can erode into other intra-abdominal struc- 
tures. Examples include cholecystic abscess eroding into the liver, peritoneal in- 
tracavitary abscess eroding into an adjacent hollow viscus, and infection (espe- 
cially from enzyme-rich purulent fluid in necrotizing pancreatitis) that erodes 
into a splanchnic vessel, causing sudden, massive hemorrhage. Although a gall- 
bladder infection may involve the liver prior to initial presentation, it is rare for 
erosion of a viscus or major vessel to occur unless the infection was missed or 
mismanaged. Exceptions include localized infection caused by a perforated 
tumor, for example, a carcinoma of the colon, or an inflammatory process such 
as sigmoid diverticulitis that erodes into the bladder or vagina. 

Perforation can occur from progressive disease within the inciting focus, or 
from erosion of adjacent structures (which may become adherent as a result of 
attempts at self-containment). Perforation may also occur after the failure of an 
intestinal anastomosis, or as a result of an iatrogenic injury to bowel sustained 
during surgery. If the perforation occurs freely within the peritoneal cavity, 
generalized peritonitis is the result, whereas a contained perforation usually causes 
an abscess. A fistula is more likely to occur when an infected hollow viscus per- 
forates into an adherent hollow viscus than from erosion of an intermediary ab- 
scess. 

The surgical procedures necessary to regain control of an infection have numerous 
inherent complications. Percutaneous drainage procedures can rupture an abscess, 
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leading to bacteremia or generalized peritonitis [5]. Drainage may be inadequate, 
or the catheter may puncture another organ during insertion. If a perforation 
communicates freely with the abscess, a fistula may result along the track of the 
catheter. Also, infection may persist until devitalized tissues are debrided or 
resected. However, the complications of percutaneous drainage are generally 
fewer and less severe than those of formal open drainage, so percutaneous drai- 
nage is reasonable to undertake should circumstances permit. 

Open drainage usually requires a formal transabdominal approach. Selected 
cases, such as liver abscess or psoas abscess, or other types of retroperitoneal 
abscess (except for peripancreatic infections) may be amenable to a localized ex- 
traperitoneal surgical approach. Otherwise, a transperitoneal approach will be 
necessary, with the consequence that catabolism, insulin resistance [6], and 
third-space fluid losses will be accentuated. Usually, the original incision will 
need to be reopened, and extensive debridement of the wound may be necessary. 
Intra-abdominal dissection may be extensive and difficult, and the risk of he- 
morrhage and iatrogenic intestinal injury is increased [7]. An intestinal stoma 
may be necessary to protect a tenuous anastomosis, or divert the fecal stream 
when resection or anastomosis is not possible. At best, stoma creation requires 
yet another operation to restore gut continuity, but stomas have their own com- 
plications. If perfusion or healing is poor they may retract, dehisce, or infarct. 
Retraction or nearby hardware (e.g., retention sutures) may result in an ill-fitting 
appliance, continuous wound soilage, and persistent infection. Peristomal her- 
nias are common; stricture at the level of the fascia is possible. Ileostomies are 
prone to fluid and electrolyte derangements and local skin irritation. 

It may not be possible or desirable to close the abdomen at the conclusion 
of an open drainage procedure, although the use of open abdomen approaches 
remains controversial. If the fascia is closed, the closure may fail, resulting in 
dehiscence or evisceration, or intra-abdominal hypertension may lead to abdo- 
minal compartment syndrome [8, 9]. Normal intra-abdominal pressure is less 
than 5 cm H^O, and can be measured easily by instillation of 50 ml saline into the 
bladder. When intra-abdominal pressure exceeds 20-25 cm H^O, which may oc- 
cur secondary to edema or packing, renal vein obstruction can lead to oliguria 
and an elevated diaphragm can cause decreased lung volumes and compliance. 
Uncorrected, overt renal or respiratory failure may ensue. Correction may be 
achieved as simply as paracentesis (if tense ascites is the cause), but often the in- 
cision must be reopened. 

The open abdomen poses several challenges, including maintaining the right of 
domain of the viscera, preventing evisceration and dessication, promoting drainage 
and peritoneal toilet, and minimizing fluid and protein losses [4]. These goals may 
conflict, since an artificial barrier of some sort is necessary to keep the viscera in 
place. If the barrier is impermeable, fluid retention is enhanced but toilet may be 
impaired. Many variations of permeable (mesh) and impermeable barrier dress- 
ings may be employed with or without suction. The general principles are to keep 
adherent surfaces such as gauze or permanent mesh away from serosa to minimize 
injury, to maintain peritoneal toilet without undue disturbance of the underlying 
viscera, and to avoid closing the abdomen prematurely so as to avoid recreation of 
the conditions that required the abdomen to be opened in the first place. An abdo- 
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minal wall hernia is a certain consequence if the abdomen must be left open for 
more than a week or two, and is likely even if early closure is possible. 

Ileus and intestinal obstruction may occur with either an open or closed 
abdomen. Ileus can result from exposure, repeated handling, or fluid/electrolyte 
abnormalities, especially low serum potassium, calcium, or magnesium concen- 
trations, while obstruction is caused by inflammatory adhesions or adhesions to 
abdominal wall prostheses. Either will make patients intolerant of enteral feed- 
ings and increase the risk of bacterial overgrowth, possible bacterial transloca- 
tion, and aspiration of gastric contents. 



General Approach to Failed Source Control: 

Soft Tissue Infection 

Necrotizing soft tissue infections present insidiously but often progress rapidly, 
making timely diagnosis and therapy (surgical debridement and antibiotics) a 
challenging imperative [lo, ii]. Initial debridement must extend to ostensibly 
normal tissue, and reoperations with daily wound inspections are necessary until 
the progression has been arrested. Whereas local wound care is paramount, the 
surgeon must also be alert to the possibility of an intra-abdominal source. For 
example, soft tissue infections caused by Clostridium septicum may result from 
an occult perforation of a colon carcinoma [12], whereas a retroperitoneal perfo- 
ration of a colon tumor may present as a necrotizing infection of the thigh if the 
infection extends along an iliopsoas muscle. Progression of a soft tissue infection 
invariably results in increased tissue loss, and may necessitate amputation. Phy- 
sical deformity and functional disability are highly likely, if the patient survives 
(see Chap. 22). 

Nonspecific Consequences of Failed Source Control 

Systemic Inflammatory Response Syndrome 

The common manifestation of inadequate source control is persistence or recur- 
rence of signs of infection. The systemic inflammatory response syndrome 
(SIRS) may persist for a few days after successful surgical intervention for intra- 
abdominal infection, [13]. Indeed, the resolution of fever and leukocytosis is a 
time-honored (albeit controversial) end point for the duration of antibiotic 
therapy [14]. However, suspicion should be high for persistence or recurrence of 
uncontrolled infection when SIRS is present more than 96 h after the initial source 
control procedure. Persistent SIRS is associated with increased morbidity and 
mortality from multiple organ dysfunction syndrome (MODS) [13]. This asso- 
ciation may be a result of the adverse consequences of persistent fever and tachy- 
cardia in patients with coronary artery disease. Alternatively, it has been hypo- 
thesized that the development of a compensatory anti-inflammatory response 
syndrome (CARS) [15] may lead to an increased risk of subsequent nosocomial 
infection. 
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Hypovolemia, Ischemia, and Reperfusion 

Cytokine-mediated interactions between neutrophils and endothelial cells lead 
to increased microvascular permeability, with tissue exudation and fluid accumu- 
lation both systemically and locally in the peritoneal cavity. Similar mechanisms 
result in systemic vasodilatation and left ventricular dysfunction. In aggregate, 
hypovolemia can be pronounced, and delayed resuscitation may lead to tissue 
ischemia. Organs that are especially susceptible to ischemia are the kidneys and 
the gastrointestinal viscera, including the liver, gallbladder, pancreas, and colon, 
although cardiac and skeletal muscle are also susceptible. Resuscitation reintro- 
duces oxygen to the ischemic microenvironment and can superimpose an oxi- 
dant injury [i6]. 

The consequences of large-volume fluid resuscitation include hypoalbumine- 
mia, anemia, tissue edema sufficient to preclude wound closure, compartment 
syndrome (abdominal or extremity), and fluid overload with cardiopulmonary 
dysfunction. Compartment syndromes require surgical decompression. Fluid 
overload syndromes may require diuretic therapy with the risk of hypokalemia, 
alkalosis, hypovolemia, and ototoxicity; or renal replacement therapy, risking 
vascular access complications, hemodynamic instability, and neurotoxicity. 



Nutritional/Metabolic Complications 

Although hypoalbumenia is partly dilutional and partly due to downregulation 
of albumin synthesis as part of the acute phase response, and therefore not a valid 
marker of nutritional compromise, malnutrition and metabolic derangements 
are commonplace. Patients with severe peritonitis, an open abdomen, or a gastro- 
intestinal fistula may be intolerant of tube feedings. Moreover, sepsis syndrome 
and elective surgical interventions are associated with insulin resistance. Hyper- 
glycemia may result in hypovolemia from osmotic diuresis, and in severe cases, 
ketoacidosis or decreased mental status. Hyperglycemia may also be associated 
with an increased incidence of nosocomial infection. 



Nosocomial Infection 

Nosocomial infection may develop at the surgical site or the remote site. Patients 
with inadequate source control are at particular risk because the surgical site will 
be disrupted by the reintervention, or a new surgical site will be created. Each time 
a natural epithelial barrier such as the epidermis is disrupted, the risk of infec- 
tion is increased. For the same reason central venous catheters and endotracheal 
tubes pose an increased risk of nosocomial infection. 

Nosocomial infections at an abdominal surgical site may be caused by the ori- 
ginal infecting pathogen, or by nosocomial flora such as methicillin-resistant 
5. aureus, multidrug resistant enteric Gram-negative bacilli {e,g.,Enterobacteria- 
ceae, Pseudomonas aeruginosa), enterococci, and yeast. Superinfection of necro- 
tizing soft tissue infections by opportunistic organisms may also occur, particu- 
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larly if the exposed soft tissue is extensive and wound care is challenging (see 
Chap. 28). 

The patient with inadequate source control is also at risk for nosocomial in- 
fection remote from the surgical site. Pneumonia is common, and is related to the 
duration of mechanical ventilation and to previous antibiotic use. In general sur- 
gical ICUs in the United States, the incidence of ventilator-associated pneumonia 
is more than 14 cases per 1,000 ventilator-days [3, 17]. S. aureus is the most pre- 
valent pathogen (20 %), and methicillin-resistant strains cause one-half of the cases. 
R aeruginosa causes nearly as many nosocomial pneumonias as do staphylococci. 
Mortality ranges from 35 % to 70 %, depending on the pathogen and its suscep- 
tibility. Catheter-related bloodstream infections are less common but equally 
dangerous. The incidence of catheter- related bloodstream infections in US sur- 
gical ICUs is more than 5 cases per 1,000 indwelling catheter-days [3]. The most 
common pathogen is S. epidermidis (85% methicillin-resistant), S. aureus, and 
enterococci (25 % vancomycin-resistant). Mortality ranges from 30 % to 40 %. 

Tertiary (nosocomial) peritonitis is another manifestation of failed source 
control that deserves mention [18]. Some investigators consider tertiary perito- 
nitis to be a failure of peritoneal host defense mechanisms with colonization of 
the peritoneal cavity rather than an invasive infection [19], although inadequate 
source control almost invariably contributes to its development. Adhesions are 
extensive, but fluid collections are walled-off poorly. Individual loops of bowel 
may be so matted together as to be indistinct, and exposure of solid viscera may 
be very difficult. The fluid is often serosanguineous rather than purulent, white 
blood cell function is impaired, and exudate cannot form. Isolated organisms in- 
clude opportunistic pathogens such as S. epidermidis, R aeruginosa, enterococci, 
and yeast. Antimicrobial therapy may be less important than the restoration of 
peritoneal toilet, which must be accomplished mechanically. Rather than repeti- 
tive opening of the incision, it may be advantageous to leave the incision open 
and provide daily peritoneal toilet at the bedside under intravenous analgesia 
and sedation [19] (see Chap. 35). 

A common risk factor for all nosocomial infections is antibiotic use. Each sub- 
sequent course of antibiotics increases the risk of a drug-resistant superinfec- 
tion, making prompt recognition and intervention, and minimization of anti- 
biotic treatment the cornerstones of successful therapy. Antibiotics that have 
been associated with the emergence of multidrug resistant pathogens include 
metronidazole [20, 21], third-generation cephalosporins (especially ceftazidime) 
[22-24], and vancomycin [24]; it is especially important to use these drugs spa- 
ringly. 

Clostridium dijficile-associated colitis typically develops as a result of anti- 
biotic therapy, and may cause systemic inflammation and toxicity. The diagnosis 
can be difficult because diarrhea may be absent, presenting signs may be non- 
specific, or the disease may be mistaken for worsening of the infection being treated 
initially. For example, antibiotic-associated colitis that complicates the nonope- 
rative management of diverticulitis can appear to be worsening of the diverticu- 
litis. Severe antibiotic-associated colitis can lead to colonic necrosis and perfo- 
ration, with superimposed bacterial peritonitis. 
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Multiple Organ Dysfunction Syndrome 

Almost every patient with failed source control will have some degree of multiple 
organ dysfunction syndrome (MODS), and death from uncontrolled infection is 
invariably associated with MODS. The pathogenesis of MODS is complex and in- 
completely understood, but certain features are relevant to the consequences of 
failed source control. It is likely that several different mechanisms interact syn- 
ergistically to produce organ injury. Ischemia/reperfusion can contribute to both 
local and remote organ injury [25] . Activation of the proinflammatory response 
mediated by cytokines, chemokines, eicosanoids, adhesion molecules, coagulation 
factors, and reactive oxygen and nitrogen intermediates can disrupt and occlude 
the microcirculation [26]. Disrupted signal transduction and deranged intercel- 
lular communications may lead to dysautonomia and pathologic responses to 
hypovolemia, shock, and resuscitation. Regardless of the precise mechanism the 
response is characteristic and somewhat stereotypical, although it does not 
manifest identically in each patient. Although there are many methods to quan- 
tify MODS, the manifestations are fairly consistent, in varying degrees one or more 
of hemodynamic instability (cardiovascular), stupor^oma (central nervous 
system), thrombocytopenia (coagulation), cholestasis (hepatic), hypoxemia 
(pulmonary), and azotemia (renal). The risks of prolonged hospitalization, 
recurrent nosocomial infections, and death are directly related to the numbers of 
organs affected, and especially high-grade dysfunction of several organs [27]. It 
is difficult to interdict organ dysfunction once established even by regaining 
source control. Organ dysfunction can be progressive even in patients in whom 
source control has been achieved [28]. The best treatment is prevention in the 
form of timely and effective resuscitation and rapid resolution of the SIRS res- 
ponse by initial, definitive source control. 
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sepsis, resulting in systemic damage to vascular endothelia, permeability edema, and impaired 
oxygen availability to the mitochondria despite adequate arterial oxygen transport. 



Invited Commentary 

Arthur E. Baue 



This book on source control in surgical infection has brought together all the movers 
and shakers in the Surgical Infection Society and the international surgical in- 
fection community. Barie and Eachempati use their extensive experience to ful- 
fill very completely their assignment on the consequences of failed source con- 
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trol. They describe general approaches to failed source control, the abdominal 
complications with persistent peritonitis, the nonspecific consequences of failed 
source control, the development of SIRS, MODS, hypovolemia, ischemia, reper- 
fusion injury and nutritional, metabolic complications. They provide an excel- 
lent review of the current problems in antibiotic use, resistant organisms and 
appropriate use of antibiotics. Then they discuss nosocomial infections, ventilator- 
associated pneumonia (VAP), vascular catheter infections, and other problems 
that are not specific to failed source control. Prolonged ICU stays, antibiotic usage 
and nosocomial infections have become real problems in ICUs everywhere. 



What Do We Learn from All of This? 

Certainly we learn about the problems of persistent infections in surgical patients. 
We also learn the jargon of the day. Surgeons over the age of 55 will learn the new 
terminology [1]. Younger surgeons will have grown up with it. It is different - but 
is it better? I am told that this new terminology and the associated acronyms are 
part of the standard nomenclature at the Centers for Disease Control and Pre- 
vention (CDCP) in their National Nosocomial Infection Surveillance (NNIS) 
system. The government has always been the leader in acronyms, beginning with 
SNAFU. There is failed source control and its acronym (FSC). We used to call it 
persistent infection (PI) but that could also be principal investigator or present 
illness. That won’t do. I have tried to find the coiner of the expression “source con- 
trol.” The first reference to it I could find is an article in Intensive Care Medicine 
this year by Jimenez and Marshall entitled “Source Control in the Management 
of Sepsis” [2] . 

I am always amused by the use of the expression “toilet” or “peritoneal toilet” 
for cleaning things up in the wound or in the peritoneal cavity. Will irrigation and 
debridement not do the job? Incidentally, how do you treat FSC? The answer 
is you cannot unless you know the site, the source, the specific problem and the 
patient. So how does the concept of FSC help us? It does define a severe problem 
in surgical patients with persistent infections. Is that enough? 

A wound infection is now called a surgical site infection, an SSI, no doubt. 
Is that an advance? Not for me. Necrotizing soft tissue infections are NSTIs. The 
authors describe damage control laparotomy (DCL). They cite and reference the 
excellent review on “Damage Control: Collective Review” by Shapiro et al. These 
authors refer to Harlan Stone and his group who, in 1983, developed the concept 
for this approach that proved to be life-saving in situations that were previously 
nonsalvageable [3]. This approach did not catch on until the 1990s. 

The authors trace the concept of the sepsis syndrome on to SIRS and MODS 
but not to MOF [4, 5]. For one problem they describe, the evidence is a single-case 
report, hardly an epidemic. Has it happened again? 

The compensatory anti-inflammatory response syndrome (CARS) is described 
but the authors do not espouse it. The fact is that inflammatory and anti-inflam- 
matory mediators both begin together at the time of injury or operation and not 
one after another in sequence, as Roger Bone imagined it. There is no phase for 
CARS or MARS after an initial period of inflammation. 
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Finally, how do you treat sepsis syndrome, SIRS, MODS, or MOP? The answer 
again is you cannot. SIRS is sick, MODS is sicker, MOF is sickest, which may lead 
to death. I agree with the authors that prevention is the answer - prevention of 
FSC by better initial treatment. 
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Editorial Comment 

In their exhaustive chapter, Drs. Barie and Eachempati describe everything that 
can go wrong after an operation, and the list is horrendously long and sadly well 
known to most of us. 

In most instances source control can be achieved during the first operation - 
if it is not achieved, it is usually a result of poor technique or faulty judgment. 
On those rare occasions when source control cannot be immediately and effec- 
tively achieved, the surgeon should reattempt source control as soon as possible. 
Surgeons should realize that at least during the first postoperative week, the prob- 
lem usually lies at the operative site: the cause of fever or “septic state” in the sur- 
gical patient is usually at the primary site of operation unless proven otherwise. 
The phenomenon of the “surgical ostrich” - treating the patient for “pneumonia” 
while he/she is slowly sinking into multiple organ failure from poorly controlled, 
or redeveloping, source of infection - still provides us with a constant source of 
SICU patients and experience. 

Dr. Baue, a father of MOF and a prophet of MODS, aptly concluded that pre- 
vention is the key to treatment. Strive to achieve proper source control as early as 
possible; if impossible, drain, divert, leave open, and then come back - as discussed 
in other chapters in this book. 




Part II: Source Control 

in Specific Locations 




10 Diffuse Peritonitis 



Beat Gloor, Mathias Worni, Markus W. Buckler 



Key Principles 

• Surgical intervention without delay 

• Aggressive initial surgical source control including extensive intraoperative 
lavage, sufficient in the vast majority of cases (~ 90 %) 

• Continuous lavage, laparostomy and/or planned reexploration only if source 
control is not possible at initial operation 

• Supportive therapy with adequate antibiotics and intensive care 



Abdominal sepsis is one of the leading causes of death in surgical intensive care 
patients, and the treatment of choice continues to be controversial. With progress 
in supportive care, the mortality rate in referral hospitals has fallen to 20% or less 

Table 1. Causes of diffuse peritonitis 

Primary peritonitis (< 5% of all cases in a surgical institution) 

Usually a single pathogen involved 

Hematogenous spread of bacteria (e.g., remote infectious focus; following dental procedures) 

Liver cirrhosis with ascites 

Nephrotic syndrome 

Metastatic malignant disease 

Chronic ambulatory peritoneal dialysis 

Secondary peritonitis > 90% of all cases in a surgical institution) Perforation of gastro- 
intestinal or genitourinary tracts 

Necrosis of the gastrointestinal tract (e.g., strangulation, bowel obstruction, mesenteric 
vascular obstruction) 

Bacterial translocation, abscess formation 
Penetrating/blunt abdominal trauma 
Intestinal neoplasm 

Operative contamination of the peritoneum 

Postoperative leakage of anastomoses or sutures 

Tertiary or persistent peritonitis (< 10% of all cases in a surgical institution) 

No recovery from secondary peritonitis despite timely surgical intervention and 
appropriate antibiotics 

Occult infection 

Impaired host defense or overwhelming infection 
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[i]. Peritonitis may be classified as primary, secondary, or tertiary (Table i). This 
chapter deals only with secondary peritonitis, which represents 90% of all pati- 
ents with peritonitis in surgical practice, and usually occurs as a result of gastro- 
intestinal perforation or leakage. 



General Approach 

The hallmark of diffuse peritonitis is severe abdominal pain. Abdominal ten- 
derness is always present, sometimes more intense over the area where the pro- 
cess started. Fever, tachypnea, tachycardia, hypotension, anorexia, nausea, vo- 
miting, and hypoactive bowel sounds may also be noted. Laboratory tests should 
include a complete blood count, a chemistry profile, and a urinalysis. With the 
Mannheim peritonitis index (MPI), a peritonitis score that has been validated 
prospectively [2], or the APACHE II score, the severity of the disease can be de- 
termined and outcomes compared. If the plain abdominal radiograph shows free 
air in a patient with a clinical picture of diffuse peritonitis, rapid resuscitation 
and transfer to the operating room should be the next step in order to start source 
control without further delay. 

Midline celiotomy allows access to all quadrants of the abdomen, regardless of 
the anatomic origin of the peritonitis. The treatment strategy depends on the cause 
and source of the peritonitis. In most cases, source control includes closure, re- 
section or excision of the diseased segment. If the peritonitis is of colonic origin, 
the preferred approach is either a colostomy without anastomosis or an anasto- 
mosis with a protective diverting ileostomy. Source control is followed by an ex- 
tensive intraoperative lavage to remove fibrin (which traps bacteria), blood, bac- 
teria, toxins, and debris. Twenty to 30 1 or more of (antibiotic-free) warm (37°C) 
saline solution is used. Irrigation is continued until the aspiration fluid from every 
compartment of the abdomen is clear, from the diaphragm to the pelvis, including 
every single loop of the bowel, indicating that there is no further intra-abdominal 
release of noxious chemical and/or bacterial material [3]. 

If the source of infection (focus) cannot be controlled (e.g., by closure, resection, 
or excision) during the initial operation, the strategy must be changed in order to 
allow continued removal of substances maintaining the inflammatory response. 
Continuous postoperative lavage, staged relaparotomy, or treatment by an open ab- 
domen are therapeutic modalities aimed at preventing secondary and/or recurrent 
infection in such patients. We prefer postoperative continuous lavage, using two to 
four Salem Sump tube catheters. With this lavage system, the abdominal cavity is 
washed with 20 1 of standard antibiotic-free peritoneal dialysis fluid. If closure of the 
abdominal wall is anatomically not possible, treatment with an open abdomen is 
indicated. However, it should be borne in mind that these techniques, especially 
“planned relaparotomy” and “open abdomen”, are associated with considerable 
treatment-related morbidity. Therefore it is important to make every effort possible 
during the initial operation to control the source. A strategy of “conservative” sur- 
gical treatment of diffuse peritonitis, challenging the need for additional surgical 
treatment modalities, has been reported recently [4]. Of 258 patients with diffuse 
peritonitis, source control during the initial operation was possible in 230 (89%) 
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and not possible in 28 (11%). Twenty-one patients (9%) in whom source control was 
possible needed a second intervention. Only five patients were treated with staged 
reintervention or open abdomen. The overall morbidity rate was 41%; the rate of 
reoperation was 12%, and hospital mortality was 14% [4]. 



Controversies 

For more than 100 years it has been well accepted that therapy in peritonitis must 
first aim for control of the source [5]. The key question is how best to perform 
source control. Do we need continuous postoperative lavage, or repeated, plan- 
ned relaparotomy, or even treatment with an open abdomen? These aggressive 
techniques were established in order to prevent secondary and/or recurrent in- 
fection in patients with diffuse peritonitis [6]. However, it is our opinion that re- 
laparotomy and treatment with an open abdomen were overused during the last 
decade, causing morbidity, which might have been prevented with a less aggres- 
sive approach. The best way to prevent secondary foci is a sufficient initial ope- 
ration including extensive lavage. Provided that source control at the first inter- 
vention is adequate, fully 90% of patients with diffuse peritonitis will recover 
without additional surgical interventions [4]. The remaining patients with dif- 
fuse peritonitis present a challenge to the clinician; many are unsalvageable 
regardless of the therapeutic approach taken. In 52 patients with diffuse post- 
operative peritonitis, diffuse fecal peritonitis, or infected pancreatic necrosis, 
relaparotomy was associated with a mortality of 24% as compared to 58% in 
patients treated with an open abdomen [7]. The study’s authors concluded that 
planned relaparotomy in patients with diffuse fecal peritonitis may be beneficial. 



Critical Factors and Decision Making 

Two factors are of paramount importance in the management of patients with 
diffuse peritonitis. 

• The first is the timing of the intervention. The shorter the time after onset of 
disease or perforation, the earlier the inflammatory cascade can be interrup- 
ted, and its consequent morbidity prevented. Delayed intervention is reflected 
in high MPI and APACHE II scores. The higher these scores, the worse the out- 
come [8-11]. Early elimination of the focus - i.e., surgical treatment - is needed 
in all these patients. 

• The second key factor in the management of patients with diffuse peritonitis 
is the effectiveness of the source control and the “price” of achieving it. Apart 
from the surgical strategy, which is primarily determined by the anatomy and 
the cause of peritonitis, extensive intraoperative lavage is the first choice for 
reducing intra-abdominal toxin levels [3]. In addition, this treatment is easy to 
perform, safe, inexpensive, and associated with almost no side effects. 

If source control is not possible, other treatment modalities such as postoperati- 
ve lavage, relaparotomy, or treatment with an open abdomen are necessary. 
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Diagram i. Algorithm for management of diffuse peritonitis 
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Invited Commentary 

William G. Cheadle 



The chapter by Dr. Gloor and colleagues provides a succinct description of the 
management of diffuse peritonitis. The key principles of surgical intervention, 
aggressive source control, postoperative lavage, use of the open abdomen tech- 
nique, planned reexploration if necessary, and antibiotics with intensive care 
support are certainly cornerstones of treatment. Secondary bacterial peritonitis 
cannot be considered as a single disease for its causes are legion and approaches 
to source control highly variable. Mortality from secondary and tertiary perito- 
nitis is related to organ failure, and we found that recurrent infection responds 
well to repeat source control if not accompanied by organ failure [1]. I would ar- 
gue whether 20-30 1 of intraoperative lavage is necessary, particularly in light of 
the study by Fry and colleagues 20 years ago showing that radical peritoneal de- 
bridement did not confer benefit [2]. We have never used more than a few (3-4 1 ) 
liters of lavage and there are no prospective trials to justify a particular volume 
of lavage. Postoperative lavage is also controversial, but makes sense in certain 
patients. It too has yet to be proven effective in a prospective trial. 
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Editorial Comment 

Whether the 20-30 1 of intraoperative peritoneal lavage so enthusiastically 
endorsed by Drs. Gloor, Worni, and Prof. Biichler are yet another gimmick is 
unknown in the absence of a properly conducted prospective trial. 

One might also challenge the authors’ recommendation that a midline celiot- 
omy should be used regardless of the anatomic origin of the peritonitis. Com- 
mon sense dictates that the most direct access to the specific intra-abdominal pa- 
thology is preferable. We should be pragmatic rather than dogmatic and tailor 
the incision to the individual patient and the disease process. The urgency of the 
situation, the site and nature of the condition, the confidence in the preoperative 
diagnosis, and the build of the patient should all be taken into consideration. 
Thus, the biliary system is often best approached through a transverse, right sub- 
costal incision. Transverse incisions are easily extensible across, to offer additio- 
nal exposure; a right subcostal incision can be extended into the left side (as a 
“chevron”) offering an excellent view of the entire abdomen. When a normal ap- 
pendix is uncovered through a limited incision like a McBurney’s, one can extend 
across the midline to deal with any intestinal or pelvic condition. Alternatively, 
when an upper abdominal process is found, it is perfectly reasonable to close the 
small right iliac fossa incision and place a new, more appropriate, one. A preli- 
minary diagnostic laparoscopy commonly allows the surgeon to place a limited, 
“minimally invasive” incision directly over the process, which can then be exten- 
ded as necessary. The mandatory complications-prone,“maxi”-midline incision 
for any case of peritonitis belongs to the past. 

The authors write that if the peritonitis is of colonic origin, the preferred ap- 
proach is either a colostomy without anastomosis or an anastomosis with a pro- 
tective diversion ileostomy. The third option, namely a selective use of primary 
“unprotected” anastomosis is discussed in Chap. 12. 




1 1 Gastric and Proximal Small Bowel 



Daren Danielson, Michael A. West 



Key Principles 

• Assess anatomic location 

• Debride nonviable tissue 

• Primary closure, usually 



General Approach 

Infections involving the stomach, duodenum, and proximal small intestine ty- 
pically result from perforations of these structures, and management usually 
entails primary closure. The etiologic mechanism of perforation encompasses a 
wide range of surgical and medical problems and is beyond the scope of this 
discussion. In general, the surgical principles used to manage these perforations 
depend upon the anatomic location of the perforation (Fig. i), in turn differen- 
tiated by the characteristics outlined in Table i. 



Fig. 1. Anatomic location of inju- 
ries in the proximal gastrointesti- 
nal tract determines the operative 
approach to source control. /, Body 
and fundus of stomach; //, prepy- 
loric stomach and ist portion of 
the duodenum; ///, 2nd portion of 
the duodenum; IV, 3rd and 4th 
portions of the duodenum and the 
small intestine. See text for full 
discussion 
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Table 1. Characteristics affecting source control in the proximal gastrointestinal tract 





1 


11 


111 


IV 


Location 


Gastric cardia 
and fundus 


Prepyloric antrum 
and 1st portion 
duodenum 


2nd Portion 
duodenum 


3rd, 4th Portions 
duodenum and 
proximal small 
intestine 


Blood 

supply 


Excellent 


Very good 


Very good 


Very good 


Bacterial 

counts 


< 1Q2 CFU/ml 
(lO^-lO^ if 
achlorhydric) 


10^ CFU/ml 


~10^ 

10" CFU/ml 


~io^- 

10^ CFU/ml 


Redundancy 


Good 


Little 


None 


Excellent 


Mobility 


Very good 


Slight 


Little 


Excellent 


Critical 

anatomic 

relationships 


No 


No 


Yes 


No 


Serosa 


Yes 


Yes 


No 


Yes 


Intra- 

peritoneal 


Yes 


Yes 


No 


Yes 



MV, for description of location, refer to Fig. 1. 
CFU, colony-forming units. 



Under normal circumstances, the upper GI tract contains relatively few bacteria, 
in marked contrast to the abundant and varied flora associated with the lower GI 
tract. Gastric acid suppresses bacterial growth and kills ingested bacteria, resul- 
ting in a relatively sterile mucosal surface. Bacterial numbers are dramatically in- 
creased in the achlorhydric stomach, whether as a result of pharmacological 
therapy with H2-blockers or proton pump inhibitors, or pathologic conditions 
such as gastric carcinoma and pernicious anemia. As the gastric contents move 
into the duodenum and proximal small intestine, the bacterial numbers and di- 
versity increase. 

Surgical principles and techniques are discussed below for each of the four dif- 
ferent anatomic locations shown: 

I. The gastric cardia and fundus 

II. The prepyloric antrum and ist portion of the duodenum 

III. The 2nd portion of the duodenum 

IV. The 3rd and 4th portions of the duodenum and small intestine 

Injuries or perforations of the gastroesophageal junction are addressed else- 
where in this book (see Chap. 20). 
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The Gastric Cardia and Fundus 

Repair of serosal injuries is usually not necessary. The management of full 
thickness injuries begins with the debridement of all nonviable tissue. When 
healthy tissue margins are obtained, and there is sufficient mobility of the edges, 
full thickness defects are repaired in either a one- or two-layer fashion (see “Con- 
troversies”). If a two-layer closure is used, the inner layer is constructed with a 
running absorbable (polyglycolic acid or polydioxane) 3-0 or 4-0 suture, follo- 
wed by an outer interrupted layer of 3-0 suture placed in a Lembert fashion. A 
single layer of full thickness, Lembert 3-0 sutures, is also acceptable and can be 
performed more rapidly. The author prefers silk for such repairs, because it is in- 
expensive, readily available, and has excellent handling characteristics. Alterna- 
tively, absorbable synthetic sutures such as polyglycolic acid (Vicryl), polydioxa- 
ne (PDS) and Maxon, or permanent monofilament sutures such as polypropylene 
can be used. These general issues of suture choice are applicable throughout this 
chapter. Catgut and chromic catgut should generally be avoided because they 
degrade rapidly and may compromise the repair. Extensive injury may require 
gastric resection. Billroth I reconstruction is preferred if the duodenum is not 
injured and mobile, otherwise Billroth II reconstruction can be performed. De- 
scriptions of these procedures can be found elsewhere [1, 2]. 

Gastric resection is the preferred treatment for perforated gastric ulcer because 
of the high recurrence rate with patching alone. Gastric resections are usually per- 
formed with the aid of GIA or TA surgical stapling devices. Because of the thick- 
ness of the stomach wall, 4.2-mm staples should be used. The mucosal resection 
line should be carefully inspected for bleeding which may arise from the abundant 
submucosal vascular network. Hemodynamically unstable patients and poor sur- 
gical candidates should be treated with wedge resection, closure, and omental pat- 
ching. If hemodynamic condition permits, patients with large or recurrent peptic 
ulcers should be considered for definitive ulcer surgery. Mucosal biopsies for H. 
pylori should be performed to assist with postoperative treatment. In addition, four 
quadrant biopsies should be performed to exclude gastric cancer. 

Anastomotic leaks from Billroth I or II and Roux-en-Y gastroenterostomies 
require urgent definitive treatment. If possible, the anastomotic leak should be 
directly repaired and protected with an omental or jejunal serosal overlay. Inter- 
nal NG drainage and external drainage should also be performed. Gastric pouch 
ischemia, which is the most common etiology of gastroenteric anastomotic leak, 
may be so severe as to require takedown of the anastomosis and creation of a ga- 
strostomy and feeding jejunostomy with subsequent Roux-en-Y reconstruction. 

Gastrocutaneous fistulas should be given a trial of conservative management 
with nasogastric drainage and supportive nutrition. If nonoperative treatment 
fails, operative excision with closure and omental patching, or gastric resection, 
is indicated. 

Leaks after gastric bypasses deserve special mention. In many cases, these 
patients are too obese for US- or CT-guided drainage. A contained leak without 
signs of peritonitis or subphrenic abscess may be treated nonoperatively with 
antibiotics and nutritional support. If a nasogastric tube is still in place, it should 
be maintained, however, once removed, the NG tube should not be replaced for 
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fear of further injury. With peritonitis or signs of clinical sepsis, immediate surgi- 
cal exploration is indicated because of the high associated mortality, even if a leak 
cannot be proven radiographically. If the site of the leak can be located, it should 
be oversewn, patched with omentum, externally drained, and an NG placed under 
direct visualization. If the leak cannot be located, which is not uncommon, the 
same principles of anastomotic reinforcement, internal and external drainage 
apply. Consideration should also be given to feeding jejunostomy (see Chap. 15). 



The Prepyloric Antrum and 1st Portion of the Duodenum 

Most surgeons would advocate immediate definitive surgical management for 
perforations of the distal antrum or the 1st portion of the duodenum. Currently, 
the most common treatment is a one- or two-layer primary closure with an omen- 
tal patch overlay, a modification of the technique originally described by Graham 
[3]. Performance of a definitive ulcer operation is controversial (see “Controver- 
sies”). Drain placement is neither safe nor effective and is mentioned here only to 
be condemned. A few authors have suggested selective management independent 
of the presence of peritonitis because upwards of 50% of perforations seal spon- 
taneously within 12 h. Crofts et al. suggested that nonoperative management can 
therefore be considered, though it is not recommended in the elderly [4]. Muco- 
sal biopsies for K pylori should be sent and treatment begun if positive. If it is not 
possible to repair the first portion of the duodenum primarily and without fear of 
stenosis, resection with Billroth I reconstruction can be performed. If antral clo- 
sure risks gastric outlet obstruction, a pyloroplasty should be performed. Exten- 
sive antral injuries may also necessitate resection with Billroth I reconstruction. 



The 2nd Portion of the Duodenum 

The 2nd portion of the duodenum enjoys the benefit of an excellent blood supply 
and minimal bacterial load, but suffers from its thin wall, lack of redundancy, and 
critical anatomic relationships. Despite these characteristics, the majority of 
duodenal defects can be repaired primarily. Larger defects and those with asso- 
ciated common bile duct (CBD) or pancreatic injuries require more complex sur- 
gical management. 

Isolated duodenal injuries, those without CBD or pancreatic involvement and 
which involve less than 50% of the circumference, can be closed transversely in a 
one- or two-layer fashion. It is wise to buttress these repairs with omentum. Com- 
plete transection with minimal tissue loss may occasionally be repaired primarily 
after debridement of the wound edges. If the transection is near the ampulla, mo- 
bilization may risk CBD injury and primary repair may not be possible. A Roux- 
en-Y jejunal limb can be anastomosed to the proximal duodenum and the distal 
duodenum oversewn. Defects involving greater than 50 % of the circumference of 
the lumen can be managed in the same fashion. External drainage with a silastic 
closed suction drain should be performed for all but the simplest of repairs, for the 
early detection and management of fistulas in the event of an anastomotic leak. 
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Duodenal diversion should be considered for large defects, when there has 
been a substantial interval between the timing of the injury and the repair, and 
in the presence of an associated pancreatic injury - risk factors for dehiscence 
and leak. Several methods of diversion have been described. Berne and Donovan 
advocated duodenal “diverticulization”: antrectomy with truncal vagotomy, B-II 
reconstruction, oversewing the duodenal stump with an end duodenostomy, 
and common bile duct decompression with a T-tube [5]. Truncal vagotomy with 
T-tube placement are no longer routinely performed. Vaughan et al. described 
the less complex technique of “pyloric exclusion,” which involves closing the 
pylorus with absorbable suture and constructing a gastrojejunostomy [6]. 

Some measure of “protection” of a primary repair may also be achieved with 
internal tube drainage. This may be accomplished via a gastrostomy combined 
with afferent and efferent jejunostomy, with or without tube duodenostomy. 
Alternatively, tube gastrostomy combined with transpyloric duodenostomy and 
efferent jejunostomy may be used selectively, according to Carrillo et al. [7]. 

A pancreaticoduodenectomy, or Whipple procedure, should be reserved for 
stable patients with the combination of extensive second portion tissue loss, am- 
pullary or CBD disruption or severe injury of the pancreaticoduodenal complex. 
The complex nature of these injuries requires meticulous management. Excellent 
reviews of the intricacies of their management are provided by Carillo et al. and 
Jurkovich [7, 8] (see Chap. 32). 



The 3rd and 4th Portions of the Duodenum and Proximal Small Intestine 

The small bowel enjoys an excellent vascular supply (allowing primary repair or 
anastomosis), redundancy (allowing resection), and a lower bacterial load than 
the colon (minimizing the risk of contamination). Infections arising from per- 
forations of the 3rd and 4th portions of the duodenum and of the proximal small 
intestine can all be handled in a similar manner. The principles of repair or res- 
ection, restoration of GI continuity, and decompression described above apply to 
injuries in this location. Extensive serosal injuries run the risk of delayed muco- 
sal breakdown and leakage, and may be closed transversely. Small serosal defects 
do not require repair, and the risk of adhesion formation outweighs the risk of 
breakdown and leakage. Small full thickness defects can be closed directly using 
an interrupted Lembert suture. Larger, full thickness injuries involving less than 
50% of the circumference of the lumen should be appropriately debrided and 
transversely closed using a one- or two-layer repair. Transverse closure minimizes 
the risk of luminal narrowing as illustrated by Bailey [9]. Small injuries in close 
proximity to one another should be connected and closed in the same fashion. 

Extensive injuries, with more than 50% of circumferential tissue loss, are best 
managed by resection and primary anastomosis to avoid luminal narrowing and 
obstruction. Multiple small injuries within a short segment of bowel should also 
be treated with segmental resection and primary anastomosis. Resection may be 
liberal due to the redundancy of the small intestine, but in cases of massive small- 
bowel destruction where short-gut syndrome is risked, appropriate attempts at 
bowel preservation should be made. With resection, the type of anastomosis 
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(hand sewn or stapled) is determined by surgeon choice and patient stability. 
Stapled anastomoses should be performed in a side-to*side, functional end-to- 
end fashion as described by Steichen and Ravitch [lo] (see Chap. 32). 

Aortoduodenal fistulas are rare but potentially lethal. Survival depends on ear- 
ly diagnosis and appropriate operative intervention. Throughout the literature, 
successful operative intervention has followed the same principles. First, the 
fistula is dissected free, next the duodenum is repaired in a two-layer fashion 
using polypropylene suture to minimize contamination, and finally the aortic 
pseudoaneurysm is repaired. Coverage of the duodenal repair should be perfor- 
med, but interposed omentum is not necessarily required. 



Controversies 

Single- Versus Double-Layer Closure 

Single-layer closures and anastomoses were met with resistance when first advoca- 
ted. Multiple studies, including those in the review of Irwin et al. of single-layer 
anastomoses in the upper GI tract [11], have shown their complication rates to be si- 
milar to two-layer closures and anastomoses. Additionally, Burch showed in a ran- 
domized trial, that single-layer continuous anastomoses appear to be equivalent to 
interrupted techniques [12]. When there is a considerable risk of mucosal bleeding, 
a two-layer closure, with a running inner layer for hemostasis, may advantageous. 



Operative Management of Perforated Ulcer In the Era of H. pylori 

Traditional management of perforated ulcers in the stable patient included a 
definitive acid reducing operation to reduce recurrence rates. With recognition of 
the role of H. pylori as an etiologic agent, the proper operation for perforated ulcers 
has become controversial. Ng’s recent study indicates that simple closure and omen- 
tal patching with postoperative eradication of H. pylorU in the medically compliant 
patient, gives excellent results [13]. However, for those not infected with H. pylori or 
who have failed K pylori treatment, as well as for chronic NSAID users, a definitive 
acid reducing operation should still be considered. It is often difficult to know these 
important aspects of a patient’s medical history at the time of operation. 



Critical Factors and Decision Making 

Decision making for the repair of perforations involving the stomach, duo- 
denum, and proximal small intestine depends on their location. Once adequate 
debridement of all nonviable tissue has been completed, primary closure can 
usually be performed if redundancy and mobility allow, as in the stomach and 
small intestine. In the 2nd portion of the duodenum, where mobility is limited, 
redundancy lacking, and critical anatomic relationships exist, more complex 
repairs are required to gain source control. 
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Invited Commentary 

David Leaper 



This chapter states that there is a small risk of infection from the stomach, duo- 
denum, and upper small bowel with the implication that source control is not 
overly challenging. However, in disease, this situation is reversed and is well pre- 
sented in Table i. The influence and importance of various pathologies, which 
affect the upper gastrointestinal tract, cannot be overemphasized. 

The stomach and duodenum have very low counts of intraluminal pathogens 
in health because of their active peristalsis and low pH. The gastric “mill” is able 
to break down large particles of swallowed food and this motility with an intact 
mucosa and low pH is bactericidal. Dysmotility from distal obstruction or infil- 
trative cancer changes this, as do disease processes that reduce gastric acid secre- 
tion, such as pernicious anemia or the presence of blood from acute gastritis or 
a bleeding ulcer. Patients taking proton pump inhibitors or histamine receptor 
antagonists are similarly at risk. Changes in gastric mucosal pH, measured by 
gastric tonometry reflect ischemia in septic or hemorrhagic shock that is asso- 
ciated with the development of gastritis. All these states, and in the absence of 
enteral nutrition (even prolonged preoperative starvation), favor early bacterial 
colonization, with aerobic Gram-negative bacilli in particular. In the absence of 
appropriate prophylaxis, the upper GI tract becomes the “undrained abdominal 
abscess,” leading to translocation and progression or worsening of sepsis and 
organ failure, and the risk of nosocomial pneumonia and increased mortality. 
Prophylaxis, using selective antimicrobial decontamination or probiotic bacte- 
ria, has its adherents but early resumption of enteral feeding is probably the 
single most useful method to reduce the risk of upper gastrointestinal stasis, mu- 
cosal atrophy, and bacterial colonization. Small-bowel ischemia is a genuine 
emergency needing revascularization or more commonly excision. 

The optimal management of a perforated gastric or duodenal ulcer is contro- 
versial. Conservative treatment of an early perforation with close surveillance is 
acceptable. Most duodenal ulcer perforations, which are the vast majority of up- 
per GI perforations, usually seal quickly with minimum soiling of the peritone- 
um. Operation in this situation is unnecessary, provided postoperative follow-up 
includes antacid therapy (proton pump inhibitor) with endoscopy and eradica- 
tion therapy for H. pylori if indicated. Older patients are perhaps more prone to 
perforated gastric ulcers and source control is less easy, requiring early surgical 
intervention, particularly when localization of signs is not rapid. 

There are clear differences of opinion in surgical management of perforated 
upper gastrointestinal disease between the two sides of the Atlantic. Debride- 
ment is not considered necessary for duodenal perforations or clean incised 
injury, whereas a gastric perforation should always have a biopsy, or preferably 
excision biopsy of the whole ulcer prior to closure, to exclude cancer. In cases of 
dubious viable edges, debridement is advisable - in the small bowel this usually 
implies resection rather than direct repair. Duodenal injuries are often associa- 
ted with other major injury and may be overlooked, leading to delayed interven- 
tion and dire consequences. All surgeons would agree that early recognition and 
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intervention are crucial and that extensive surgery may be needed, with mobi- 
lization for assessment prior to resection or repair. Clearly, in appropriate cir- 
cumstances a pancreaticoduodenectomy is indicated, but this option presup- 
poses outstanding imaging for preoperative diagnosis and surgical expertise. 

In general, gastrectomy is not advised for perforated benign duodenal or 
gastric ulcer, simple repair being complemented with antacid acid eradication 
therapy. We concur with the conservative approach to fistula; occasionally 3-6 
months will be required, with attention to eradication of sepsis and nutritional 
support. 

There is also widespread agreement on the east side of the Atlantic about the 
use of suture techniques. Although there here is little evidence-based proof, 
single-layer techniques appear to be as safe as two-layer techniques and are 
widely popular. However, catgut has been virtually discredited for use because of 
its unpredictability, and the modern absorbable polymers are tailor made. Silk is 
also increasingly unpopular despite its easy handling characteristics. A braided 
silk encourages bacterial colonization. It causes an appreciable inflammatory 
response and, anecdotally, may be the cause of postoperative adhesions. 



Editorial Comment 

Moshe Schein 



Each of the conditions discussed in this chapter is complex enough to deserve a 
separate chapter. Spontaneous and traumatic sources in the UGI tract are rela- 
tively simple to control by simple closure, patch or, rarely, resection. Postoperative 
leaks after UGI procedures, on the other hand, are a surgical disaster, with a high 
mortality, and require complex and individualized approaches as discussed also 
in Chap. 30. Here are a few points which we would like to emphasize: 

• The natural history of an uncontrolled source in the upper GI is unpredictable: 
in some patients it may seal spontaneously, in others present later as a lesser 
sac abscess, and in rare cases be rapidly lethal. 

• We do not advocate primary treatment of a perforated ulcer with “onlay patch,” 
as suggested by Drs. Danielson and West. We prefer the classic omentopexy as 
described by Graham: a few “through all layers” interrupted sutures are placed 
through both edges of the perforation and are left untied; a pedicle of the greater 
omentum is created and flipped over the perforation; the sutures are then gently 
tied over the omentum in order not to strangulate it. This obviates the approxi- 
mation of the edematous, friable edges of the perforation, and indeed in many 
cases of postoperative duodenal fistula witnessed by us the simple suture- 
closure of perforated duodenal ulcer was the causative mechanism. Remember, 
you do not stitch the perforation but plug it with a viable omentum. 

• Nonoperative approach for perforated ulcers - consisting of nil per mouth, 
nasogastric suction, systemic antibiotics, and acid secretion inhibitors - has 
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been proven effective by a few enthusiastic groups. The sine qua non for suc- 
cess is spontaneous sealing, radiologically proven, of the perforation by the 
omentum or other adjacent structures; if this occurs, nonoperative treatment 
will be successful in the majority of cases. This approach may be of particular 
value for two types of patients: the “late presenter” and the “extremely sick.” 
The former presents a day or more after the perforation has occurred, with an 
already improving clinical picture and minimal abdominal findings. This, 
together with a radiographic evidence of free air, hints at a localized and spon- 
taneously sealed perforation. Other candidates for conservative therapy are 
those in whom the risk of any operation could be prohibitive, such as the ear- 
ly post massive MI patient, the COPD grade IV or the patient with an APACHE 
II score over 25. Also in this group, however, conservative treatment may be 
successful only if the perforation is sealed and radiographically proven to be 
so. When sealing did not occur, in desperate situations we have successfully 
carried out omentopexy under local anesthesia. 

• Definitive antiulcer procedures are today rarely indicated. The following table 
summarizes general guidelines in the selection of procedure. 





Text book options 




We recommend 




Ulcer type 


Good risk* 


Poor risk 


Good risk* 


Poor risk 


Duodenal 


Omentopexy+/- 
TV+D or HSV 
or TV+A 


Omentopexy 


Omentopexy 
plus HSV 


Omentopexy 


Prepyloric 


Omentopexy+/- 
TV+D or TV+A 


Omentopexy 


Omentopexy 
plus HSV+D 


Omentopexy 


Gastric 


Omentopexy or 
wedge excision 
or partial 
gastrectomy 


Omentopexy 
or partial 
gastrectomy 


Omentopexy 
plus HSV+D 
or partial 
gastrectomy 


Omentopexy 
or partial 
gastrectomy 



^ Recurrent ulcer, failed antiulcer therapy, noncompliant. 

TV+D, truncal vagotomy and drainage procedure; HSV, highly selective vagotomy; 
TV+A, truncal vagotomy and antrectomy. 

(Modified from Schemas Common Sense Abdominal Surgery, Springer Verlag, 2000) 



John Marshall 

While I agree with the approach described by the authors for dealing with per- 
forations secondary to ulcer disease (although I agree that plugging rather than 
suturing the ulcer is preferred; the ulcer is ischemic and will not heal), the 
approach to the duodenum and small bowel is more appropriate for trauma 
patients, without established inflammation. Extensive procedures, especially 
pancreaticoduodenectomy are dangerous if there is significant inflammation, or 
in a potentially unstable septic patient. 
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The Force Behind the Source: Colonic Bacteria 

The large bowel contains up to 400 different bacterial species with concentrati- 
ons of 10^^'^Vml of feces. All require an intact intracolonic environment to pros- 
per and stay in balance for the benefit of the host [1, 2]. The colon wall has a ma- 
ture host defense system to keep bacteria in check and prevent their transmural 
migration into the peritoneal cavity. Structural bowel wall changes such as di- 
verticula, inflammatory bowel disease, and cancer interfere with the colonic 
wall’s ability to contain bacteria and a perforation may result. Similarly, impaired 
blood supply may diminish oxygen and nutrient supply to cellular structures of 
the colonic wall, impair colon function in general and cellular defense in parti- 
cular. Perfusion deficits may progress to frank ischemia when several factors add 
up. Such a scenario may be seen when edema increases intra-abdominal pressure 
and reduces venous and arterial blood flow, and when surgical sutures strangulate 
perianastomotic arterioles [3]. Rather than a barrier and defense against bacterial 
invasion, the ischemic colon wall now serves as nutrient for bacterial growth, 
fostering their access to the peritoneal cavity. 

Few of these bacteria, however, can survive outside the colon following per- 
foration or migration through a diseased colon wall. A comparison of bacteria 
from the healthy colon and the peritoneal cavity after colon perforation shows 
that only a small group of bacterial survivors adapt to the new environment 
(Fig. 1). Comparing their relative numbers may give a clue as to bacterial patho- 
genicity. Escherichia coli makes up less than 0.1% of the intracolonic flora, but 
following perforation it is the most commonly isolated bacterium, accounting 
for more than 50% of the isolates. Conditions outside the colon favor its growth, 
and it releases large amounts of endotoxin when attacked by powerful peri- 
toneal and systemic defenses. Bacteroides species are more common intracolonic 
microorganisms and are often present in cultures taken from the peritoneal ca- 
vity after perforation - but this indicates mere survival and not special affinity 
for the host because they do not find living conditions optimized outside the co- 
lon as £. coli does. In peritonitis, E. coli is isolated at 300 times its intracolonic 
concentration. 

The pathogenic potential of colonic bacteria that adapt well to the extracolo- 
nic environment, therefore, is the force that causes disease following perforation. 
The perforation itself is the source of this process, and must be closed or other- 
wise eliminated to save the patient. About 100 years ago when this was not pos- 
sible virtually all patients with perforations died [4]. 
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Fig. 1. Relative frequency of colonic bacteria within the normal colon and compared to bacterial 
frequencies within the peritoneal cavity following perforation 



The Therapeutic Effect of Source Control 

The therapeutic effect of source control may be best assessed by looking at si- 
tuations where source control was the only available therapeutic option and 
other means of therapy such as antibiotics and fluid resuscitation were not de- 
veloped. 

Towards the end of the nineteenth century, surgeons learned to access the ab- 
dominal cavity to treat intra-abdominal infections [5]. Dramatic therapeutic suc- 
cesses were seen and gradually more abdominal procedures were introduced and 
performed. In 1902, Rehn recommended “radical elimination of the cause (source) 
of peritonitis” [6], and in 1909, W. Noetzel reported a dramatic improvement of 
mortality that was attributed to radical source control as mandated by his tea- 
cher Rehn [7]. His reports covered 449 operations for peritonitis from 1891 to 
March 1909 of which 178 were successful - a 38% mortality. All patients with dif- 
fuse suppurative peritonitis, including the most desperate cases, were treated 
without exception. Considering that no antibiotics were available, that fluid re- 
suscitation was in its infancy, and that critical care therapy was not developed yet, 
one must conclude that source control, perhaps with the addition of purging of 
the abdominal cavity of pus (they used copious intraoperative irrigation with 
saline), was the most important factor responsible for a 62% mortality reduction. 
Other institutions gradually applied the source control philosophy. Their success- 
ful efforts to surgically close the source of infection were rewarded by decreasing 
mortality rates (Fig. 2). Kirschner in 1926 presented an impressive statistical 
analysis of 5,468 patients with peritonitis treated in seven major institutions 
from 1890 to 1924 [4]. The mortality curves indicate a parallel decline in all seven 
hospitals (Fig. 2). 
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Fig. 2. Mortality of 5,468 cases of peritonitis from 1990 to 1924. During this period the principle 
of source control was introduced and applied clinically. (From [4]) 



When the Source of Peritonitis Is the Colon 

During the period when the principle of source control was first introduced, pe- 
ritonitis of colonic origin had a poorer outcome than peritonitis from other sour- 
ces such as a perforated appendix or perforations of the upper GI tract. The mor- 
tality associated with peritonitis of colonic origin was 100% during the period 
from 1895 to 1914. It decreased to 68% and 50% from 1915 to 1924, while in the lat- 
ter period the mortality of peritonitis from appendiceal and upper GI origins had 
decreased to 20% and 42.2%, respectively [4], emphasizing the importance of 
source control. While an appendectomy affords a safe source control, it is surgi- 
cally more difficult to close or eliminate a perforation of the upper GI tract or the 
colon. The technique of exteriorizing a colon perforation had not yet been deve- 
loped, and colostomies as a source control measure were introduced only during 
the Second World War. The higher concentration of bacteria entering the peri- 
toneum after colon perforation in contrast to upper GI tract perforations may 
have contributed to the higher mortality. 
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Source Control: Refocus on a Solved Problem 

Following the recognition of its importance and clinical application about lOO 
years ago, source control has become a fundamental feature of clinical practice. 
Recent developments in clinical research, however, have shown that the adequacy 
of source control has a significant impact on the interpretation of clinical trials. 
It has become evident that it is very difficult to evaluate outcomes in trials testing 
new antimicrobials [ 8 ] and new immunological strategies [9-11] without a precise 
definition of source control. This problem has prompted researchers to refocus 
on source control [12]. 

How Is a Source of Colonic Origin Controlled? 

Colonic perforations leading to free bacterial flow into the peritoneal cavity can 
be classified into three distinct groups: 

• Traumatic perforation following accidental and nonaccidental injury 

• Perforation following localized necrosis from disease 

• Transmural ischemic necrosis due to impaired vascular flow 

The choice of therapy depends on the general condition of the patient, the 
inflammatory response of the peritoneum, the magnitude of increased intra- 
abdominal pressure, and the pathology itself. Treatment options include: 

• Simple suture closure of the perforation 

• Resection of the diseased colon segment with concomitant anastomosis 

• Exteriorization of the colon segment that is perforated 

• Resection of the perforated colon segment without anastomosis and formation 
of a terminal colostomy with or without a mucous fistula 

• STAR (staged abdominal repair) to secure source control by daily inspection 
during abdominal reentries 

The goal of each of these procedures is to prevent the perforation from permitting 
further bacterial entry into the peritoneal cavity. If increased intra-abdominal 
pressure prevents fascial closure at the initial operation, or if sepsis has created a 
situation of hemodynamic instability that allows for emergency measures only, a 
damage control procedure may be a meaningful initial step to control the source 
by simple resection and closing the transected colon openings temporarily - de- 
ferring definitive repair for 24 h or more so that the patient can be stabilized. 

The STAR procedure, by using an artificial bur device as a temporary fascial 
prosthesis, permits fascial expansion and abdominal closure, at the same time 
allowing for planned abdominal reexploration to complete the repair and close 
fascia. The method offers the advantage of an ability to inspect the abdominal 
cavity and check that the source has been closed permanently. If necessary, 
defective closures can be rerepaired before bacteria regain access to the perito- 
neum (Fig. 3) [13-16]. 

Table 1 lists possible source control procedures for the three types of colon 
perforations. There are no prospective randomized trials to guide the surgeon’s 
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Fig. 3a-e. Source control under difficult circumstances with STAR (staged abdominal repair). 
This 62-year-old man with macronodular liver cirrhosis developed diffuse peritonitis from an 
anastomotic leak following sigmoid colon resection. A diverting colostomy was performed and 
the leak was sutured. The infection, however, continued because of continuous bacterial flow 
through a persistent anastomotic leak (a). The patient was transferred with multiple retention 
sutures cutting through the edges of a pararectal incision. Upon exploration we found multiple 
small bowel perforations (injuries from retention sutures), diffuse peritonitis, and a leaking 
colon anastomosis. We resected the small bowel and the leaking anastomosis, sutured two new 
anastomoses during STAR entry no. 1 (d), and closed with the artificial bur (Wittmann Patch) 
after debridement and copious irrigation with R/L. At STAR entry no. 3 on the 3rd day, the co- 
lostomy was taken down and anastomotic healing controlled (c). b The artificial bur in place 
neutralizing increased intra-abdominal pressure and also the previous colostomy site in the 
upper left corner, e The patient after recovery 



choice for any particular procedure. In recent publications, however, the evolving 
consensus seems to favor abandoning operations to exteriorize the colon or to 
create a colostomy, because of the morbidity associated with surgery to reverse 
these procedures. It may be preferable to perform a primary anastomosis, and to 
evaluate the healing process at a subsequent abdominal operation, closing the ab- 
domen only when source control is certain [4, 17]. 

For the conduct of clinical trials testing newer non-operative therapies, the 
source control criteria outlined in Table 1 may be useful to assess outcomes more 
effectively. It is not possible to favor one of the mentioned procedures over the 
other and further research is needed to clarify optimal operative management. 
Success, however, hinges on permanently controlling the source of infection within 
the colon wall. Postsurgical follow-up information must be included in the study 
design to document the safe closure of the source or a recurrent leak. 
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Table 1. Source control operations for colon perforations 



Operation\Pathology 


Traumatic perforation 
following accidental 
and non-accidental 
injury 


Perforation following 
localized necrosis 
such as diverticulitis 


Transmural ischemic 
necrosis due to 
impaired vascular 
flow 


Simple suture closure 
of the perforation 


Yes 


Possible 


No 


Resection of the 
diseased colon 
segment with 
concomitant 
anastomosis 


Yes 


Yes 


Yes 


Resection of the 
diseased colon 
wall with delayed 
anastomosis 


Yes 


Yes 


Yes 


Exteriorization of 
the colon segment 
that is perforated 


Possible 


Possible 


Difficult 


Resection of the 
perforated colon 
segment without 
anastomosis and 
formation of a 
terminal colostomy 


Possible 


Possible 


Possible 


STAR procedure 
with multiple 
abdominal reentries 
and final fascial 
closure 


Yes 


Yes 


Yes 
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Invited Commentary 

Lewis Flint 



Dr. Wittmann’s review of the pathophysiologic features and historical origins 
that form the intellectual foundation of modern surgical practice for the mana- 
gement of secondary bacterial peritonitis draws on his experience and longstan- 
ding interest in this area. There is no doubt that the massive bacterial inoculation 
of the peritoneum, which occurs at the time of colonic perforation, combines 
with medical co-morbidities and the nutritional and immunologic reserves of 
the patient, to determine the severity of the physiologic derangement and the 
clinical presentation. There is strong evidence that luminal bacterial content not 
only contributes to problems outside the bowel but also can contribute to the pro- 
gression of ischemia of the colon to transmural necrosis. The mass of necrotic 
tissue and products of inflammation produce, within the peritoneal cavity, a 
hypoxic environment, which is hostile to immune and inflammatory cells. More- 
over, this environment prevents the influx of immune defense cells as well as 
cytotoxic factors. It is a consistent observation that patients who localize infec- 
tion and produce mature abscesses do well while patients whose peritoneal cavi- 
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ties are filled with thin murky fluid filled with necrotic debris and bowel content 
develop organ failure, anastomotic failure, and wound healing failure, with death 
the frequent final outcome. 

As Dr. Wittmann points out, early operation in the face of adequate peritone- 
al defense mechanisms leaves the surgeon many options including simple closure, 
resection and colostomy, or resection and protected anastomosis (proximal 
colostomy or ileostomy). With the exception of patients with recent injuries to 
the colon, I have been unwilling to perform resection and primary anastomosis 
without protection and would not do so in the face of established peritonitis. In 
the severely compromised patient without adequate peritoneal defenses, edema 
and necrosis make any suture line hazardous. Dr. Wittmann points out the diffi- 
culty in mobilizing tissues and forming a colostomy in this setting. His suggestion 
that “damage control” measures could be combined with some form of open 
abdomen or planned reentry strategy makes good sense intuitively. 

My only argument would be with the method of abdominal closure and the 
timing of reentry procedures. I have used the STAR device, or “Wittmann patch,” 
in managing trauma patients at risk of abdominal compartment syndrome, and 
have found it easy to use and valuable for these patients. 1 do not have confidence 
in the planned reentry strategy since my view of the basic pathophysiology of 
severe peritonitis is that physical removal of exudate and fluid is as likely to be 
harmful as helpful. When the source control procedure is not completed at the 
primary operation, I would reenter the abdomen once the patient is stable, and 
complete the procedure with a minimal amount of manipulation and dissection. 
I would strive not to have anastomoses exposed and would not plan to expose 
them by reentering the abdomen except when directed to do this by clinical 
evidence of an anastomotic problem. In my view, it is essential to accomplish a 
definitive solution to the problem causing peritonitis within the first 7 days fol- 
lowing the primary operation since, beyond this point, damage to the bowel is a 
common complication of any dissection. 

We use systemic antibiotics, but antibiotic irrigation and forceful peritoneal 
irrigation are not used routinely. As Dr. Wittmann points out, prospective ran- 
domized controlled trials are not available, nor are they likely to be done, to an- 
swer all of these questions with convincing data. The trial of Fry and Polk [1] co- 
mes as close as any we have to providing an answer, and they found that physical 
debridement of the peritoneum was not associated with improved outcomes in 
their study. Notably, the study subjects were very similar to those referenced by 
Dr. Wittmann. The individual differences in patients presenting to surgeons, even 
those in large referral centers, confounds efforts to develop generalized strategies 
for these unfortunate individuals. 
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Editorial Comment 

That not all colonic sources need an operative source control has been mentioned 
already in Chap. 8. Pericolonic, diverticular abscesses do not necessarily require 
surgical therapy, or even percutaneous drainage (PCD). Ambresetti and MorrePs 
prospective experience included 6i diverticular abscesses diagnosed by CT [i]: 
57 mesocolic and pelvic abscesses were treated conservatively, and PCD was on- 
ly undertaken in the absence of clinical improvement within 48 h. The majority 
of mesocolic abscesses (82%) and pelvic abscesses (70%) settled without an in- 
vasive procedure. The size of the abscess was a predictor; most abscesses which 
were smaller than 5 cm responded to conservative treatment [2]. 

Dr. Wittmann provides a historical perspective on the management of colonic 
trauma. Over the years, there has been an evolution in the management of non- 
traumatic colonic origin peritonitis such as acute diverticulitis. Diverting colo- 
stomy was the procedure of choice in the early years of the twentieth century, and 
even until the 1980s. Laparotomy with an appropriate “peritoneal toilet” was per- 
formed, after which the inflamed or perforated sigmoid colon was drained and 
a proximal “diverting colostomy” was performed. Once the patient had “im- 
proved,” the sigmoid colon was resected - the “second stage”; the colostomy was 
closed during yet another operation - the “third stage.” The problem with this ap- 
proach was that it left in situ a diseased, perforated organ, with a column of feces 
proximal to it (distal to the colostomy) that perpetuated the local and systemic 
infection. Gradually surgeons realized that the mortality and morbidity of an im- 
mediate resection of the sigmoid was lower than that of diverting colostomy [3], 
that each of the subsequent stages carried additional morbidity and mortality 
[4], and that only half of patients eventually had their colostomy closed [5]. The 
only randomized trial evaluating this “orthodox-conservative” approach [6] ran- 
domized 62 patients with diffuse peritonitis from perforated diverticulitis of the 
left colon to transverse colostomy, suture and omental covering of a visible per- 
foration, or acute resection without primary anastomosis. For purulent peritoni- 
tis the postoperative mortality rate was significantly higher after acute resection 
(6 of 25) than after colostomy (0 of 21). Significantly, however, stomas became 
permanent in 4 of 25 patients with diverticulitis surviving acute colostomy and 
in 7 of 22 surviving acute resection. 

A one-stage sigmoid resection plus an immediate anastomosis would be the 
ideal operation for perforated diverticulitis, but is it safe? Madden and Tan cham- 
pioned one-stage approach as early as 1961 [7] but remained its only advocates 
for many years; primary anastomosis in the face of an unprepared colon and 
adverse local circumstances was considered unsafe by mainstream American 
Surgery. Since the late 1980s the paradigm has begun to change and primary 
colorectal anastomosis is being gradually accepted. 

The issue of unprepared colon is solved by some surgeons through the use of 
intraoperative, antegrade colonic lavage [8]. Others do not bother with bowel 
preparation at all [9]. Notably, the obsession of surgeons with the need to me- 
chanically prepare the colon prior to an anastomosis is based more on dogma 
than on science. There is ample evidence to suggest that anastomosis can be sa- 
fely performed in an unprepared colon [10-12]. Variables other than bowel pre- 
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paration maybe pertinent in the proper selection of patients in whom a primary 
anastomosis would be advisable. Common sense dictates that the additional time 
required for constructing an anastomosis should not be spent in unstable or 
critically ill patients. Poor nutritional status or steroid dependence are adverse 
prognostic factors that would deter most surgeons from the creation of an emer- 
gency primary anastomosis. Traditionally, an abscess or diffuse or localized pe- 
ritonitis are contraindications to anastomosis. It appears, however, that an ana- 
stomosis may be safely attempted in selected patients suffering from localized 
peritonitis or suppuration, as opposed to those with diffuse forms of established 
peritonitis [13-15]. Recently, however. Schilling et al. [16] reported superb results 
with primary sigmoid resection and anastomosis in diffuse peritonitis (Hinchey 
Stage III and IV) of diverticular origin. In an audit, 500 U.S. gastrointestinal sur- 
geons were asked: “What is your procedure of choice in a hemodynamically ‘sta- 
ble’ 72-year-old patient suffering from diverticular perforation of sigmoid with 
localized purulent peritonitis?” One-third of the responders recommended a 
one-stage procedure in a “good-risk” patient with perforated diverticulitis asso- 
ciated with local peritonitis - most of these would perform this without an “on 
table” colonic lavage. In “high-risk” patients most surgeons (88%) would opt for 
a Hartmann’s procedure [17]. It thus seems that the long-time obsession with a 
mandatory colostomy for any complicated colonic surgery is undergoing a para- 
digm shift [18]. 

Emerging, innovative methods of laparoscopic control of colonic sources are 
discussed in Chap. 36 while more opinions on Dr. Wittmann’s STAR-planned re- 
laparotomies approach are given in Chaps. 5, 7, 9, 10, 30, 35, 41, and 42. 
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Key Principles 

Perianal Abscess and infected Fistulae 

• Perform incision and curettage for drainage of abscess. 

• Lay open associated low fistula. 

• Insert seton in high fistula. 

• Do not insert drains or pack wounds. 

• Antibiotics are of uncertain value. 

Fournier's Gangrene 

• Emergency surgery is required. 

• Broad'Spectrum antibiotics should be used. 

• Wide excision of necrotic tissue is necessary. 

• Leave wounds open and plan for revision. 

• Diverting stoma is usually not necessary. 

Anal and Perineal Trauma 

• Debride devitalized tissue. 

• Suture external sphincter if possible. 

• Leave wounds open. 

• Diverting stoma is usually not necessary. 

Rectal Trauma 

• Perform a defunctioning sigmoidostomy. 

• Suture rectal wounds. 

• Drain the presacral space. 

• Perform a rectal washout. 



Perianal Infection 

Perianal abscesses are common in emergency departments. Patients complain of 
increasing anal pain and tenderness caused by the inflammation and increasing 
pressure of the abscess. Eventually there will be fever if the abscess is large 
enough to cause systemic inflammation. If it is not surgically drained the abscess 
will usually drain spontaneously through the skin, often with some skin necro- 




Infection and Trauma of the Rectum and Anus 



115 



sis, or drain into the anal canal if there is a fistula associated with the abscess. 
Both after spontaneous drainage and after an incision it is not uncommon that 
the abscess recurs or that the patient returns with a history of cyclic complaints 
of pain and secretions. This is the typical chronic anocutaneous fistula, but 
occasionally the internal orifice is hard to demonstrate or absent, in which case 
the situation may be called a chronic sinus. 

Any patient with acute signs of perianal abscess should be examined and trea- 
ted under general anesthesia as an emergency case. The condition is too painful 
to allow proper examination in the conscious patient. The abscess may be deep 
within the ischiorectal fat, peripheral to the sphincter but below the levator mus- 
cles, and may not produce an obvious swelling. The basic rule is that patients with 
acute localized pain of the anus have an abscess until proven otherwise at 
surgery. Surgeons should not fool themselves that the abscess is not “mature” yet 
and therefore not ready for surgical drainage. 



Surgical Drainage 

If the prominence of the abscess is readily identified a direct incision into the ab- 
scess is made. If the abscess is covered by necrotic skin associated with sponta- 
neous perforation, the affected skin is excised. Otherwise a straight skin incision 
of about the same length as the abscess should be made. It does not matter if the 
incision is radial or follows the anal circumference, but the surgeon should choo- 
se what is optimal for drainage. The abscess cavity should be curetted and irriga- 
ted with normal saline to remove residual blood from the cavity. There is no need 
to insert a drain or packing as long as the incision itself is adequate. There is no 
reason to do a cruciate incision, which delays healing and causes bad scarring. 

With simple perianal abscesses, a fistula tract is identified in varying rates de- 
pending on how carefully the surgeon searches for it. If there is pus in the anal 
canal at examination, the fistula is obvious. The tract may be laid open at the time 
of the abscess drainage if the surgeon is confident that it is a low fistula. Several 
studies have shown that the subsequent problem of recurrent fistula is avoided, 
but many of the associated fistulae appear to heal anyway [1-4] • Surgeons who are 
less experienced with unroofing a fistula-in-ano can insert a loose draining seton 
until subsequent definitive surgery of the fistula can be accomplished. 

Perianal abscesses can be incised, curetted, and suture closed under antibiotic 
cover, as shown in several studies [5-7]. I have personally been unconvinced of 
the usefulness of this procedure because an open incision heals as quickly and 
causes less discomfort to the patient than do sutures. Antibiotics are not needed 
if the incision is left open. 

The need for antibiotic treatment has not been sufficiently researched. If the 
patient has pyrexia, I believe that a preoperative dose of an adequate antibiotic is 
sufficient, and that there is no need for postoperative treatment if the abscess has 
been adequately drained. Postoperatively the patient should be relieved of the 
pain, but tenderness may persist for a few days. If pain relief is insufficient, it 
is advisable to return the patient to the operating room to ascertain that the 
abscess has been completely drained. 
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Anocutaneous Fistulae with Abscess 

Both high and low anocutaneous fistulae, in their initial presentation, have iden- 
tical internal and external orifices because the tracts follow muscle planes. The 
internal orifice is in the glandular crypts of the dentate line of the anal canal. The 
external opening is at the peripheral margin of the subcutaneous muscle about 
4 cm from the anal verge (lower margin of the internal sphincter). From the den- 
tate line the tract passes between the internal and external sphincters downwards 
(in low fistula) and turns at the lower margin of the external sphincter to conti- 
nue deep to the subcutaneous muscle until it breaks through the skin. The tract 
of a high fistula passes upwards between the sphincters to the upper margin of 
the external sphincter and curves around it downwards to follow outside the ex- 
ternal sphincter and then deep to the subcutaneous muscle until it breaks 
through the skin. Any previous surgery may change the position of the external 
orifice, e.g., after incision of an associated abscess. 

Low fistula is much more common than high. Because the tract is low the as- 
sociated abscess is superficial in the ischiorectal compartment and therefore rea- 
dily identified on examination. The abscess may be intersphincteric but more 
commonly extends lateral to the subcutaneous muscle. It is unusual that the low 
fistula produces extensive perianal infection; rather it usually presents as a sim- 
ple perianal abscess. The abscess is incised with fistulotomy, or a seton may be in- 
serted for resolution of the inflammation in anticipation of elective surgery of 
the fistula. 



High Anocutaneous Fistula with Abscess 

Because the tract of the high fistula is deep into the ischiorectal compartment, 
right below the levator, it is always associated with an abscess cavity that extends 
to the levator and may push the levator cranially to give the false impression that 
the abscess extends above the levator. Such penetration of the levator is rare or 
iatrogenic. Most often the internal orifice of the high fistula is in the posterior 
midline associated with a retroanal abscess cavity formed by cranial and caudal 
fascial septa from the coccyx to the sphincter. The septa prevent an external ope- 
ning in the midline behind the anus, but the abscess and tract must extend late- 
rally, peripheral to the external sphincter, to penetrate the skin lateral on one or 
both sides of the anus (GoodsalTs rule) as a horseshoe abscess. 

If neglected, a high fistula can present with extensive deep infection of the 
posterior and lateral infralevator compartment with multiple necrotic external 
orifices. The operation for source control is rather straightforward following the 
rules stated previously, but the incisions need to be extended to lay open the tracts 
and abscess. It is nearly always evident that there is an internal opening because 
it drains pus into the posterior anal canal. It is usually best to begin at the exter- 
nal opening. Excise necrotic skin if present. It is often advisable to gain better ac- 
cess by circumcising the external orifice and follow the tract as it extends po- 
steriorly and upwards to the retroanal abscess. Multiple openings on either side 
are joined by laying open the common tract. Both sides of the anus are treated 
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similarly as needed. The retroanal abscess cavity is accessed by extending the in- 
cision to the midline behind the anus or through a separate incision behind the 
anus. The cavity is curetted and a seton is inserted. The wounds are left open. 
Small incisions with plastic drains (e.g., Penrose) are painful and unreliable for 
source control so I prefer the more extensive incisions through which the tracts 
can be partially cored out or laid open. The seton will be loose but short as its ex- 
ternal exit will now be in the midline right behind the anus. The wounds to the 
sides of the anus will heal well if the tract has been adequately cored out or laid 
open. The clinical harbinger of good source control is the rapid disappearance of 
pain. If pain persists it is advisable to return the patient to the theatre for revisi- 
on. The wounds should not be packed because changing the dressings can be very 
painful. The wounds are better left open for the patient to manage with showers 
or sitz baths. These patients probably benefit from antibiotic therapy until the 
acute pain subsides after a few days but there are no studies addressing this ques- 
tion. 



Controversies of Anocutaneous Fistulae 

The simple classification of anocutaneous fistulae into high and low depending 
on whether the tract goes above or below the external sphincter is not accepted 
by all. Indeed, most surgeons writing on the subject favor a classification that in 
addition incorporates transsphincteric fistulae (through the external sphincter) 
and supralevator fistulae (above the puborectalis muscle) in following the classi- 
fication given by Parks [8]. The supralevator fistula with an associated suprale- 
vator abscess, i.e., an abscess in the perirectal compartment above the levator, is 
very rare. Whatever classification is favored, the abscess needs to be properly 
drained [9]. The low, intersphincteric, fistula associated with an abscess can al- 
ways be laid open without risk of incontinence but any fistula affecting the ex- 
ternal sphincter must not be incised [4]. A draining seton is better until elective 
definitive surgery can be performed. 

Traditional management of wounds after incision of an abscess with or with- 
out fistula includes the insertion of plastic drains and packing of wounds crea- 
ted by cross-formed incisions [10]. All of these cause unnecessary pain and scar- 
ring. The resolution of pain immediately after drainage is the best clinical sign of 
source control. A few prospective studies have specifically prescribed straight 
incision without drainage [4]. 



Synergistic Infection of the Anus and Perineum 
(Fournier's Gangrene) 

The perineum is the most common site for synergistic infection [11], and in this lo- 
cation the infection is usually called Fournier’s gangrene (although it is essentially 
the same infectious process that is called necrotizing fasciitis in other parts of the 
body). Synergistic infection is a polymicrobial infection that spreads along the sub- 
cutaneous fascia or muscle fascia planes so rapidly that body defenses are unable 
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to contain the infection. As a consequence, the vascular bed of the subcutaneous fat 
is destroyed with foul-smelling necrosis of fat and secondary skin necrosis. The in- 
fection usually respects muscle boundaries and hence will not invade the levator 
ani or the anal sphincter, although it may appear to do so because the muscle fas- 
cia is involved. Because of the necrotic separation of the planes, emphysema of the 
tissues is characteristically observed on plain X-ray films or CT scan. 

The infection may be seen as a special case of a triad of infections involving 
the skin (erysipelas), the subcutaneous fat compartment (fasciitis), or the muscle 
compartment (myositis). Group A and B streptococci are sufficiently virulent to 
attack the skin and muscle, while less virulent streptococci in combination with 
other bacteria cause fasciitis. The distinction of infected compartments may be 
not so clear in later stages of the infection when the patient is toxic and the in- 
fection overwhelms all defenses. Because the subcutaneous defenses are unable 
to contain the infection it spreads quickly from the anal region to the perineum, 
external genitals, and beyond. 

Fournier’s gangrene may appear spontaneously, may be associated with anal 
pathology, or may develop as a complication after anal or perineal surgery. Patients 
with insulin-dependent diabetes, or who are severely immunocompromised as in 
AIDS or after bone marrow transplantation are at increased risk of perineal 
infection [11-14]. 

The surgical treatment is urgent wide debridement of all necrosis. Necrotic 
skin is excised but the fat necrosis extends much further and must be exposed 
through skin incisions to the margin of viable fat. All necrotic fat and remnants 
of the subcutaneous fascia are excised with scissors. The muscle fascia can be left 
unless there is obvious necrosis of the muscle. The wounds are left open with 
light packing with gauze. It is advisable to take the patient back to theatre for re- 
vision of the wounds within 24 h to make sure that the infection has been 
arrested. The subsequent course may require further minor revision of necrosis. 
If the patient’s condition permits, a preoperative CT scan will assist in deter- 
mining the extent of the infection and any supra-levator extension. 

Antibiotic treatment should be instituted immediately on diagnosis. The 
antibiotic regimen must cover both aerobic and anaerobic bacteria, and both the 
Gram-positive flora (streptococci) and the Gram-negative flora (enteric bacte- 
ria). High-dose penicillin with clindamycin and a cephalosporin, or imipenem 
combined with clindamycin are two options. These patients can be severely toxic 
and may require support of vital functions in the intensive care unit preoperatively 
and postoperatively. The operation must not be delayed because only surgery can 
reverse the infection. 



Traumatic Injury of the Anus and Rectum 

The spectrum and incidence of anorectal trauma varies from one society to an- 
other. Penetrating trauma due to missile wounds is uncommon in Europe [15]. 
Accidental impalement injury and assault rectal injuries are occasionally en- 
countered. Pelvic fractures may be complicated by tears of the anorectum. Ther- 
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mometer injury, especially in small children, has largely disappeared as a cause. 
Laceration of the anus may be seen in accidental injury, sexual abuse, and more 
commonly as obstetric tears. 



Surgical Treatment of the Injured Anus 

Accidental lacerations of the anus are debrided, sparing as much as possible of 
the sphincter ani. The wounds are left open and the patient may be referred to a 
colorectal surgeon for immediate (within days) or delayed reconstruction of the 
sphincters. A sigmoid colostomy should be created if the sphincters and perine- 
al tissue are severely torn, but can be avoided in minor injury. 



Rectal Injury 

Penetrating injury of the abdominal (intraperitoneal) rectum is treated as any 
other colonic injury. Penetrating trauma of the extra-abdominal rectum was a fa- 
tal injury in wartime until the basic principles of treatment were developed, in- 
cluding diverting sigmoidostomy and presacral drainage behind the anorectum. 
Suture of the rectal wound and rectal washout were added. 

There is now considerable controversy about the optimal management of the 
rectal injury. Several retrospective studies show that the management had often 
omitted one or several of the four cornerstones of the treatment [16-20]. Most of 
the larger injuries were diverted but many patients had not had the rectal hole re- 
paired, nor was the presacral space always drained or the rectum emptied of feces 
with washouts. It appears that surgeons had taken a practical view of the mana- 
gement by grading the rectal injury, the number and severity of associated inju- 
ries, the patient’s general condition, and the time delay of treatment [19]. The more 
severe the injury the more the comprehensive principles were adhered to. One 
prospective randomized study showed that when the rectal injury was diverted, 
presacral drainage did not influence the local infection rate [21]. Prospective 
studies that challenge the various components of the management are difficult 
because such injuries are rare and represent a wide spectrum of severity. 

Most civilian missile injuries are operated within 1 or 2 h, when contamination 
is present but infection has not yet developed. In nonmissile injury the diagnosis 
may be delayed until infection is present. In such instances, diversion should be 
undertaken and the infected pocket drained. Whether rectal washout is required 
is debatable, and solid feces are perhaps better left since their removal is not a 
requisite for healing of the rectal wound. 



Summary 

Infection and injury of the perineum and anorectum require the same treatment 
principles as infections in other anatomic locations. Contained infection (abscess) 
is drained by incision. Soft tissue necrotizing infection must be debrided of all 
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necrosis and laid open. Traumatic injuries represent such a wide spectrum of se- 
verity that treatment must be adapted to the circumstances, but any large injury 
should be diverted and the perforation resected, closed, or drained. Because of the 
important function of the anorectum, the surgeon needs to be familiar with the 
anatomy to preserve future function without compromising source control. 



References 

1. Hebjorn M, Olsen O, Haakansson T, Andersen B (1987) A randomized trial of fistulotomy in 
perianal abscess. Scand J Gastroenterol 22:174-176 

2. Schouten W, vanVroonhoven T (1991) Treatment of anorectal abscess with or without pri- 
mary fistulectomy: results of a prospective randomized trial. Dis Colon Rectum 34:60-63 

3. Tang C-H, Chew S-P, Seow-Choen F (1996) Prospective randomized trial of drainage alone vs. 
drainage and fistulotomy for acute perianal abscess with proven internal opening. Dis Colon 
Rectum 39:1415-1417 

4. Ho YH, Tan M, Chui CH, Leong A, Eu KW, Seow-Choen F (1997) Randomized controlled trial of 
primary fistulotomy with drainage alone for perianal abscesses. Dis Colon Rectum 40: 1435-1438 

5. Leaper D, Page R, Rosenber I, Wilson D, Goligher J (1976) A controlled study comparing the 
conventional treatment of idiopathic anorectal abscess with that of incision, curettage and 
primary suture under systemic antibiotic cover. Dis Colon Rectum 19:46-50 

6. Kronborg O, Olsen H (1984) Incision and drainage v. incision, curettage and suture under 
antibiotic cover in anorectal abscess. Acta Chir Scand 150:689-692 

7. Mortensen J, Kraglund K, Klaerke M, Jaeger G, Svane S, Bone J (1995) Primary suture of an- 
orectal abscess: a randomized study comparing treatment with clindamycin vs. clindamycin 
and Gentacoll. Dis Colon Rectum 38:398-401 

8. Parks AG, Gordon PH, Hardcastle JD (1976) A classification of fistula-in-ano. Br J Surg 63:1-12 

9. Onaca N, Hirshberg A, Adar R (2001) Early reoperation for perirectal abscess: a preventable 
complication. Dis Colon Rectum 44:1469-1473 

10. Cox SW, Senagore AJ, Luchtefeld MA, Mazier WP (1997) Outcome after incision and drainage 
with fistulotomy for ischiorectal abscess. Am Surg 63:686-689 

11. Elliott D, Kufer J, Meyers R (1996) Necrotizing soft tissue infections: risk factors for morta- 
lity and strategies for management. Ann Surg 224:672-683 

12. Cohen JS, Paz IB, O’Donnell MR, Ellenhorn JD (1996) Treatment of perianal infection follo- 
wing bone marrow transplantation. Dis Colon Rectum 39:981-985 

13. Barrett WL, Callahan TD, Orkin BA (1998) Perianal manifestations of human immunode- 
ficiency virus infection: experience with 260 patients. Dis Colon Rectum 41:606-612 

14. Buyukasik Y, Ozcebe 01 , Sayinalp N, et al (1998) Perianal infections in patients with leukemia: 
importance of the course of neutrophil count. Dis Colon Rectum 41:81-85 

15. Marti MC, Morel P, Rohner A (1986) Traumatic lesions of the rectum. Int J Colorectal Dis 

1:152-154 

16. Shannon F, Moore E, Moore F, McCroskey B (1988) Value of distal colon washout in civilian 
rectal trauma: reducing gut bacterial translocation. J Trauma 28:989-994 

17. Burch JM, Feliciano DV, Mattox KL (1989) Colostomy and drainage for civilian rectal injuries: 
is that all? Ann Surg 209:600-611 

18. Levy RD, Strauss P, Aladgem D, Degiannis E, Boffard KD, Saadia R (1995) Extraperitoneal rec- 
tal gunshot injuries. J Trauma 38:273-277 

19. Morken JJ, Kraatz JJ, Balcos EG, et al (1999) Civilian rectal trauma: a changing perspective. 
Surgery 126:693-698 

20. Renz BM, Feliciano DV, Sherman R (1993) Same admission colostomy closure (SACC). A new 
approach to rectal wounds: a prospective study. Ann Surg 218:279-292 

21. Gonzalez RP, Falimirski ME, Holevar MR (1998) The role of presacral drainage in the mana- 
gement of penetrating rectal injuries. J Trauma 45:656-661 




Infection and Trauma of the Rectum and Anus 



121 



Invited Commentary 

Luis A. Carriquiry 



There are very few randomized studies concerning emergency anorectal surgery, 
so there is scant level I or II evidence to justify most of our common management 
strategies. Thus, Dr. Nystrom cannot count upon many compelling certainties, 
but only upon his outstanding capacity of judgment applied to his vast experi- 
ence. 



Perianal Infection 

I strongly endorse his preference for examination (and drainage) of patients with 
acute signs of perianal abscess under general anesthesia. Contrary to the widely 
held opinion of cost-conscious surgeons, I think exploration and drainage are too 
painful to be done in the awake patient and local anesthesia does not work well 
in these circumstances. Most patients subjected to drainage in the emergency 
ward have sad memories of their suffering. Furthermore, I prefer to perform a 
gentle debridement of the abscess cavity with the finger (if it is done gently, there 
is no risk of creating additional tissue damage) and this procedure is extremely 
painful in the conscious patient. 

If examination is performed by a surgeon-in-training - as is quite usual - in- 
cision and drainage of the abscess is appropriate and leads to satisfactory hea- 
ling, although a fistula will develop in subsequent months in 40% of patients. But 
if the attendant were a well-trained surgeon, with experience in anorectal sur- 
gery, I would recommend to search the primary fistula track and to manage it 
adequately to prevent further recurrence of the fistula. In this case it is of para- 
mount importance to locate the internal opening, looking for the appearance of 
pus in the anal canal when compressing the abscess before drainage or for the ap- 
pearance of bubbles when injecting hydrogen peroxide into the drained cavity. 
Even exploration of the cavity with Lockhart Mummery probes can be useful if 
done gently. If the fistula track is subcutaneous or intersphincteric, it may be safely 
laid open; if it is transsphincteric, or if there is any doubt about the anatomy con- 
cerning the external sphincter, a draining seton is a better choice. As Dr. Nystrom 
points out, four randomized studies have shown that primary fistulotomy leads 
to a substantial decrease in recurrence of abscesses or fistulas. Of course, this 
is another argument favoring examination and treatment under general anes- 
thesia. 

I share Dr. Nystrom’s approach to the surgical treatment of horseshoe abscess, 
but I prefer to use separate lateral and posterior incisions with drainage of the 
tracts with rubber Penrose drains for the first few days. They do not cause pain 
and healing is quicker. In this situation I also use antibiotics for 3 or 4 days, 
although there is no evidence that this is necessary. 
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Necrotizing Perineal Infections 

Wide debridement of all necrotic tissue is the mainstay of treatment. Skin incisions 
should be extended as far as necessary to achieve full excision of necrotic tissue 
till reaching healthy bleeding fat. Careful revisions should not be spared. Con- 
cerns about reconstruction should be left to the plastic surgeon, but it is always 
convenient to wrap the testicles in healthy tissues if the incision extends to the 
scrotum. Dr. Nystrom dismisses the diverting stoma. I am not convinced of that 
position, at least in cases of necrotizing infection originating in the anal canal, 
and especially if after treatment a floating anus results. Some authors [i] have 
strongly recommended the use of hyperbaric oxygen chambers. However, this is 
a cumbersome practice which has not been demonstrated to be useful [2]. 



Traumatic Injury of the Anus and Rectum 

I share Dr. Nystrom’s views on intraperitoneal rectal injuries, where primary re- 
pair should be the rule and on anal canal injuries: they should be repaired by a 
well trained colorectal surgeon without proximal sigmoidostomy, as has been 
shown to be appropriate for sphincteroplasties [3]. The problem arises with in- 
juries of the extraperitoneal rectum. The four basic principles of surgical treat- 
ment: diverting sigmoidostomy, presacral drainage, repair of the wound, and rec- 
tal washout were developed for war injuries and demonstrated as very effective 
in reducing mortality and morbidity. But their dogmatic application in all cases 
of civil injury has been increasingly challenged in recent years. Suture repair of 
the wound is the weakest principle: doing it through a transanal approach is not 
easy, and everybody agrees that opening the pelvic peritoneum during abdomi- 
nal exploration is only indicated in case of extensive bony and soft tissue dama- 
ge. In most civilian rectal injuries, suture has been omitted without affecting 
morbidity and mortality, as similarly happens in the case of full-thickness local 
excision of rectal tumors without suture of the rectal hole. Rectal washout has be- 
en the second victim of iconoclasts. Most recent series have omitted it and results 
have not been worse. Presacral drainage has also been debated. Even a prospec- 
tive randomized trial showed that it did not affect the final result, although the 
study included very few patients and a beta-type error could not be ruled out. 
Only proximal fecal diversion seems to remain firm, although recent debates 
about its protective role in very low rectal anastomosis, and about the necessity 
of mechanical preparation in colon and rectal surgery - an ongoing Swedish trial 
is addressing the issue - seem to challenge its status. I look at these developments 
with an open mind: probably colostomy may be omitted in low- velocity missile 
wounds, but I am inclined to keep it in the management of most injuries. The co- 
lostomy should be created as distal as possible and a properly constructed loop 
sigmoidostomy, with an adequate spur, has been demonstrated to be completely 
diverting, with no need for a terminal or loop-end colostomy. The only recent 
development to consider is use of a laparoscopic approach [4] to look for asso- 
ciated intraperitoneal injuries and to exteriorize the sigmoid, without a formal 
laparotomy. Although not an unconditional fan of laparoscopic approaches, I 
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think it is a good suggestion and probably one of the best indications for laparo- 
scopic colon surgery. 
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14 Acute Appendicitis 

James M. Watters 



Key Principles 

• Early appendectomy, open or laparoscopic, is standard therapy for acute 
appendicitis. 

• Appendiceal phlegmon commonly resolves with antibiotic therapy alone. 

• Appendiceal abscess may also respond to antibiotic therapy but will require 
percutaneous (or surgical) drainage in many instances. 

• Appendicitis occasionally manifests as a more severe, potentially life-threatenmg 
problem which may include generalized peritonitis, bacteremia, pylephlebitis, 
and/or liver abscesses, and requires appropriate surgical, antibiotic, and sup- 
portive therapy. 



General Approach 

The source control problem in appendicitis ranges from a localized inflamma- 
tory process, requiring only appendectomy, to generalized purulent peritonitis, 
for which formal laparotomy and peritoneal toilet are required. 



Uncomplicated, Gangrenous, or Locally Perforated Appendicitis 

Open or laparoscopic appendectomy conducted in a timely manner is by far the 
most common approach to appendicitis which is uncomplicated, gangrenous, or 
perforated, but without phlegmon or abscess. Such patients typically present with- 
in the first few days of their illness, and outcomes are generally excellent, with 
postoperative intra-abdominal abscess uncommon and the incidence of wound 
infection relatively low. Early appendectomy provides a definitive diagnosis, 
avoids possible progression to perforation, prevents recurrent appendicitis, and 
minimizes the need for antibiotic therapy. Most appendectomies continue to be 
open procedures although a laparoscopic approach is attractive when diagnostic 
uncertainty is high (see Chap. 37). 

The likelihood of perforated appendicitis is greater when the appendix is retro- 
cecal, as well as in children and the elderly. In these circumstances, symptoms 
may be less prominent or atypical, leading to a delay in presentation or diagno- 
sis. The duration of symptoms is more than twice as long on average in patients 
with perforated compared with nonperforated appendicitis [1]. This association 
is usually interpreted as indicating that nonperforated appendicitis will normal- 
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ly progress to perforated appendicitis, and is the rationale for a policy of early ap- 
pendectomy. It is argued that immediate surgery should be undertaken in order 
to avoid progression to perforation, accepting an increased likelihood that the 
appendix will be normal. If this concept is correct, one would expect the rate of 
normal appendectomies to increase as the rate of perforated appendectomies 
decreased. Such an inverse relationship between perforated and normal appen- 
dectomy rates has been described in a report compiling data from a number of 
published series [2] . However, the range of duration of symptoms in patients with 
perforation is very wide, and other observations suggest that perforating and 
nonperforating appendicitis are different entities [1, 3]. For example, the greater 
likelihood of perforation in the elderly arises because of a progressive, age-as- 
sociated decrease in the incidence of nonperforated appendicitis while the 
incidence of perforated appendicitis remains constant [3]. Further, other popu- 
lation-based studies show that diagnostic accuracy decreases as the rate of 
appendectomy increases, but the rate of perforation does not change [4]. The 
strong association between duration of symptoms and risk of perforation may 
also arise from a selection bias. Specifically, nonperforated appendicitis will 
resolve spontaneously in some patients who are likely to have short-lived sym- 
ptoms and may not be identified as having appendicitis, whereas perforated 
appendicitis is presumed invariably to worsen [3]. Much of the difference in time 
to therapy between nonperforated and perforated appendicitis occurs before 
presentation to hospital [1]. Thus, from the perspective of effective surgical source 
control, a limited period of observation in hospital does not expose patients with 
an equivocal presentation to an increased rate of perforation, and will allow the 
diagnosis and need for surgical intervention to be established [1, 5, 6]. 

Antibiotic therapy has been demonstrated to be effective for appendicitis in a 
small randomized trial comparing it with appendectomy, as well as in larger case 
series [7-9]. However, recurrence of appendicitis occurs in 35% of patients by 12 
months [7]. In addition, the role of nonoperative management in pediatric and 
elderly patients, and in patients with significant co-morbidity, has not been esta- 
blished. Antibiotic therapy may be a useful strategy for presumed appendicitis in 
selected circumstances, for example, when facilities for surgery and anesthesia 
are not available. 



Appendiceal Phlegmon and Abscess 

Some patients present with a palpable mass and have a significant phlegmon or 
abscess on diagnostic imaging. They have typically had symptoms for longer 
than 3 or 4 days. Antibiotic therapy is often effective in resolving the acute 
process, especially phlegmon, and avoids a surgical procedure, which is usually 
more complex than routine appendectomy [10-12]. The possibility of alternative 
or additional diagnoses (e.g., cecal cancer, Crohn's disease) must be kept in mind 
when a nonoperative approach is selected. Nonoperative measures will not be 
successful in some patients, as judged by persistence or worsening of pain, ab- 
dominal findings, and systemic manifestations of acute inflammation. Surgical 
exploration and, if feasible, appendectomy should be carried out when there is 
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failure to improve by 48 h, and sooner if there is concern about adequate loca- 
lization of the inflammatory process, uncertainty about the diagnosis, or clinical 
deterioration. Appendicitis may recur following resolution, and interval appen- 
dectomy (open or laparoscopic) should be considered. However, reported re- 
currence rates are quite variable, published recommendations about interval 
appendectomy conflicting, and compelling data few. 

Antibiotic therapy may also be effective in resolving appendiceal abscesses, 
particularly smaller abscesses, but a substantial proportion will fail to improve 
and will require drainage [12]. Antibiotic therapy and percutaneous drainage 
maybe chosen from the outset if the abscess is large or systemic signs and symp- 
toms prominent [11]. Surgical drainage of a well-defined abscess does not offer 
any particular advantage over percutaneous drainage. Limited cecal or ileocecal 
resection has been used infrequently when the viability and integrity of the 
appendiceal stump and adjacent cecum are questionable, or if the diagnosis re- 
mains uncertain even at laparotomy [13]. The role of surgical drains is uncertain, 
but their use is probably best confined to those cases in which an established 
abscess cavity is present. 



Generalized Peritonitis 

Occasionally, when peritoneal defenses are inadequate to contain the infective 
process, appendicitis presents as generalized purulent peritonitis. Laparotomy is 
the conventional approach when there are clinical findings of generalized peri- 
tonitis. If appendicitis is suspected, then laparoscopy may be a useful alternative. 
Confirming the diagnosis of appendicitis laparoscopically allows optimal place- 
ment of an incision for laparotomy. Whether appendectomy and measures ap- 
propriate for generalized purulent peritonitis (e.g., irrigation of the abdomen 
and pelvis) can be accomplished effectively by laparoscopy will depend on the 
judgment and experience of the surgeon. There is little information about lapa- 
roscopic management of generalized peritonitis. 



Management of the Appendiceal Stump 

Pericecal abscess can arise if closure of the stump of the appendix is insecure, and 
may result in a fecal fistula. When the appendiceal stump is wide, a more formal 
closure by oversewing or stapling is preferable to simple ligation or suture liga- 
ture. If the appendiceal stump is of questionable integrity or necrotic, then it may 
be prudent to invert the stump or excise a margin of cecal wall so that the closu- 
re is of healthy tissue. Routine inversion of the stump offers no advantage over 
ligation or suture ligature and is potentially hazardous if the wall of the cecum is 
indurated, inflamed, or noncompliant. Appendectomy may be difficult or even 
unsafe when there is an appendiceal phlegmon or abscess, since inflamed and 
necrotic tissues and adherent tissue planes make dissection hazardous. In such 
circumstances, necrotic tissue and any fecalith which might serve to perpetuate 
local infection should be removed. Recent case reports have drawn attention to 




Acute Appendicitis 



127 



the problem of recurrent appendicitis arising in a long appendiceal stump follo- 
wing laparoscopic appendectomy. Whether this problem is more common than 
following open appendectomy is unknown, but the principle of careful and com- 
plete visualization, leaving only a very short stump applies equally to open and 
laparoscopic surgery. 

Controversies and Changing Practices 

The Timing of Surgery for Appendicitis 

Our understanding of the natural history of appendicitis is evolving. The concept 
that immediate surgery is necessary to prevent the progression from simple to 
perforated appendicitis is probably not warranted. A limited period of obser- 
vation in hospital is safe when the clinical presentation is equivocal, in order to 
establish the diagnosis of appendicitis with greater confidence, and to ascertain 
the need for surgical source control. 



The Choice of Open or Laparoscopic Approaches to Appendicitis 

Laparoscopic appendectomy, combining diagnostic laparoscopy and “minimal- 
ly invasive” appendectomy, offers an attractive alternative when there is diagnos- 
tic uncertainty. It remains unclear, however, whether routine laparoscopic 
appendectomy is superior to conventional open appendectomy. At present, the 
choice of surgical approach varies with patient, surgeon, and institutional fac- 
tors. Laparoscopic appendectomy for uncomplicated and locally perforated 
appendicitis is well supported, as is a laparoscopic approach to interval appen- 
dectomy. Favorable experience with perforated appendicitis and small abscesses 
has been reported, but the role of laparoscopic techniques in more complicated 
appendicitis remains to be defined. Wound infection rates may be reduced and 
postoperative recovery accelerated with a laparoscopic approach [14, 15]. Howe- 
ver, analyses of the impact of laparoscopic appendectomy on health-related qua- 
lity of life or costs are lacking [15]. 



Wound Management Following Perforated Appendectomy 

Delayed wound closure has traditionally been advocated following open appen- 
dectomy for gangrenous or perforated appendicitis to improve wound infection 
rates ranging in some reports as high as 32% with immediate closure [16]. Recent 
analyses suggest that immediate closure is preferable when appropriate antibio- 
tics are employed [16, 17]. A meta-analysis identified similar wound infection 
rates, between 4% and 5%, for both primary and delayed wound closure [17]- A 
cost-utility analysis, incorporating patient preference and economic factors, con- 
cluded that immediate closure is the favored option as long as wound infection 
rates are not excessive [16]. 
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Interval Appendectomy 

Interval appendectomy following resolution of appendicitis prevents recurrence. 
Whether the potential for recurrence is great enough to warrant routine 
interval appendectomy is controversial. If appendectomy is not carried out, the 
possibility that other appendiceal or ileocecal pathology is present needs to be con- 
sidered and addressed by appropriate radiologic and/or endoscopic assessment. 



Critical Factors and Decision Making 

Appendectomy should be carried out in patients with uncomplicated, gangre- 
nous, or perforated appendicitis who present within the first few days of their 
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Diagram i. Algorithm for management of acute appendicitis 
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illness. The procedure may be open or laparoscopic. Patients with phlegmon or 
abscess typically present later in their course. Antibiotic therapy alone is often 
effective for a localized abscess or phlegmon, although percutaneous drainage 
may be required for some abscesses. Generalized peritonitis is an indication for 
laparotomy. 
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Invited Commentary 

Roland E.B. Andersson 



The most important issue concerning source control in appendicitis is how to 
identify the small proportion of patients that need surgical treatment among the 
patients with suspected appendicitis. The traditional principles for the manage- 
ment of patients with suspected appendicitis were formulated at a time when 
perforated appendicitis with generalized peritonitis was an important cause of 
death. The development of new diagnostic tools and nonsurgical treatment with 
potent antibiotics, the low mortality due to improvements in anesthetic and in- 
tensive care methods, and new knowledge about the natural course of the disease 
calls for a reformulation of these principles. 
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The management of patients with suspected appendicitis has traditionally fo- 
cused on the prevention of perforation by early operation, but at the expense of 
a high proportion of unnecessary operations. New diagnostic techniques have 
been introduced, but despite promising initial results, experience in everyday 
practice is disappointing. An emphasis on the need for early exploration asso- 
ciated with a liberal use of ultrasound, CT, and diagnostic laparoscopy has had a 
limited impact on the number of unnecessary explorations, but the costs have in- 
creased enormously. 

As proposed by Dr. Watters, the principle of early appendectomy to prevent 
perforation must be questioned. Most perforations have likely already occurred 
before the patient arrives at the hospital [1-3]. Studies have not shown a decrea- 
sed risk of perforation with a liberal attitude toward early exploration [4, 5]. An 
apparently lower rate of perforation appears to be a consequence of increased 
treatment of cases of uncomplicated appendicitis that would otherwise have re- 
solved without treatment, since the absolute number of perforations has not 
decreased. Resolution of appendicitis with nonoperative management appears to 
be quite common. 

The existence of resolving appendicitis is further supported by histopatholo- 
gical evidence, and by reports of cases of resolving appendicitis where the clini- 
cal diagnosis has been supported by typical findings on ultrasound [6, 7]. Up to 
6.5% of patients operated for appendicitis have had previous symptoms, indica- 
ting that recurrent appendicitis may occur [8]. There is also historical evidence; 
at the time when expectant treatment was still practiced, it was generally accep- 
ted that in most instances appendicitis would resolve spontaneously [9]. Epide- 
miological studies suggest that perforated and nonperforated appendicitis are 
different entities [4, 10, 11]. Obstruction is frequently found in gangrenous and 
perforated appendicitis but is rare in nonperforated appendicitis, suggesting a 
different pathogenesis [12]. 

As discussed by Dr. Watters, an evolving knowledge of the natural history of ap- 
pendicitis has important implications. The management of patients with suspec- 
ted appendicitis should focus on the early identification and surgical management 
of the more advanced cases. Patients with an equivocal diagnosis can safely be ob- 
served, reserving surgery for patients in whom clear signs of the disease develop 
or symptoms do not resolve. Signs of spontaneous resolution should also be ac- 
tively sought, and support an approach of ongoing expectant management. 

A restrained attitude to exploration will not only decrease the number of ne- 
gative appendectomies but also allow cases with self-limiting appendicitis to re- 
solve without surgery. As a consequence, the proportion of perforations will be 
high due to the reduction in the detection of simple appendicitis. A high propor- 
tion of perforations is therefore not necessarily a sign of bad management. 

In-hospital observation, based on repeated examinations for the signs of local 
peritonitis and systemic inflammatory response that is associated with appendi- 
citis [13], should be sufficient for the majority of patients. Diagnostic techniques 
such as CT and ultrasound may be used selectively in patients in whom the risks 
of a negative exploration are higher [14]. 

When the likelihood of appendicitis is high, laparoscopy offers very limited 
benefit compared with open appendectomy but is more expensive. Laparoscopy 
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should therefore be reserved for the situation when an exploration is thought to 
be needed although a surgical condition is less likely. 

I agree with the approach of nonsurgical treatment of appendiceal phlegmon 
and appendicitis with localized abscess as advocated by Dr. Watters. The efficacy 
of antibiotic treatment and percutaneous drainage of abscesses is well docu- 
mented, whereas surgical exploration is traumatic and may result in an unne- 
cessary right-sided colectomy. After resolution of the phlegmon, a workup for co- 
lonic cancer is indicated in older patients. The patient should be informed about 
the risk of recurrent appendicitis, but the low risk does not necessitate an inter- 
val appendectomy. 

A short trial of nonoperative antibiotic management of patients with suspec- 
ted appendicitis has been shown to be safe, and is a reasonable option, particu- 
larly in patients whose anesthetic risk is increased [14]. In acute appendicitis as 
in many other diseases the pendulum is swinging back towards medical treat- 
ment after 100 years of surgical treatment. 
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Editorial Comment 

The following scenario is not uncommon: you admit for observation a patient 
with right lower quadrant pain and ambiguous clinical findings. Meanwhile the 
ER doctor orders a CT, which is reported by the radiologist the following mor- 
ning. At this stage the patient feels much better, his abdomen is benign, and he 
wants to go home, but the radiologist claims that the appendix is grossly infla- 
med. You choose not to treat the radiological image, and send the patient home. 
The HMO, however, denies any payment for the “unnecessary hospitalization for 
observation.” Of course they would pay for the CT and the appendectomy - if per- 
formed. 

This leads us to the myths concerning acute appendicitis, a few of which are 
exposed above by Drs. Watters and Andersson. 

• Myth i: The rate of perforation reflects on the quality of care provided by the 

surgical team. 

• Myth 2: Clinical observation may lead to an increased rate of perforation. 

• Myth 3: Unattended simple appendicitis, if untreated, progresses to perfora- 

tion. 

• Myth 4: Early use of imaging improves results. 

• Myth 5: Nonlocalized abdominal findings call for a “formal” laparotomy. 

• Myth 6: The appendiceal stump has to be cauterized, touched with an anti- 

septic, and/or inverted. 

• Myth 7: The wound has to be left open following appendectomy for compli- 

cated appendicitis (gangrenous/perforated). 

• Myth 8: A prolonged course of IV antibiotics should be given following the 

operation for complicated appendicitis. 

• Myth 9: Drains should be used whenever periappendicular pus is encountered. 

• Myth 10: An interval appendectomy is necessary following successful conser- 

vative management of appendiceal mass/abscess. 

Amazingly, more than 100 years after it was recognized as a treatable surgical en- 
tity, acute appendicitis still fascinates surgeons and is surrounded by a growing 
list of controversies and uncertainties. Like other surgical conditions, acute ap- 
pendicitis represents a spectrum of disease. To reach the diagnosis, historical, 
physical, laboratory, and imaging variables should be considered together. No 
isolated variable can confirm or exclude the diagnosis, while the more “typical” 
variables are present, the higher is the chance that this is appendicitis. Whether 
one operates immediately or tomorrow, whether one observes or obtains addi- 
tional tests is determined selectively, based on the individual patient. 
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Key Principles 

• Gastrointestinal (Gl) leaks after bariatric operations can kill. 

• Aggressive treatment of wound infection after open bariatric operations rarely 
includes opening the entire incision. 

• Atelectasis after bariatric operations is a surprisingly uncommon cause of 
delayed discharge and is almost never the cause of florid sepsis. 



Introduction 

Table i shows the relative incidence of septic complications following various 
bariatric operations. The incidence of wound infection after gastroplasty and 
gastric banding is lower than that following operations such as jejunoileal bypass 
(JIB), Roux-en-Y gastric bypass (RYGB), and biliopancreatic diversion (BPD) 
that involve open intestinal anastomoses. The incidence of septic pulmonary 
complications and urinary complications is not included in many large clinical 
reports, probably because these problems rarely result in disability or increased 
length of hospitalization. The incidence of gastrointestinal (Gl) leaks is in the 
range of i%-2% in most large series, and does not appear to have decreased du- 
ring the past three decades. However, it is the author’s belief that the mortality 
rate following leaks may have decreased during this interval. 



Pulmonary Complications 

Atelectasis is the most common cause of fever in the first 24-48 h following open 
bariatric operations; most large series do not list it as a “complication” of bariat- 
ric surgery. Hess estimates that about 20% of his duodenal switch patients 
develop atelectasis during postoperative convalescence [1]. 

Mechanical breathing treatments are the mainstay of treatment of atelectasis; 
antibiotics are never used as first-line treatment. With conservative treatment, 
atelectasis typically resolves after 1 or 2 days. In rare cases where pneumonia 
develops, appropriate antibiotics should be given after obtaining reliable sputum 
cultures. 

Adult respiratory distress syndrome (ARDS) almost never develops from 
postoperative atelectasis alone. ARDS is typically associated with major sepsis 
arising from some other organ system, usually the Gl tract. The most common 
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Table 1. Relative incidence of septic complications^ 


Series/Year 


Operation 


Leaks 


Pulmonary 


Wound 


UTI 


Other 


Starkloff 
(1975) [2] 


JIB 


4(1%) 


- 


17(5%) 


- 


0 


Scott 
(1977) [7] 


JIB 


0 


15 (8%) 


5 (3%) 


0 




Yale 

(1989) [3] 


RYGB 


3 (1%) 


19 (8%) 


15(6%) 


5 (2%) 


0 


Brolin 
(2000) 4] 


RYGB 


5 (1%) 


1 (0.2%) 


4(1%) 


- 


2 (0.5%) 


Wittgrove 
(1999) [5] 


L-RYGB 


11 (2%) 


7 (1%) 


28 (6%) 


- 


- 


Schauer 
(2000) [6] 


L-RYGB 


13 (5%) 


15(6%) 


13 (5%) 


7 (3%) 


- 


Yale 

(1989) [3] 


VBG 


0 


5 (5%) 


2 (2%) 


- 




Scopinaro 
(1996) [10] 


BPD 


2 (0.3%) 


- 


9(1%) 


1 (0.1%) 




Hess 

(1998) [1] 


BPD-DS 


17(4%) 


“20%” 


- 


- 




Belachew 
(1998) [9] 


SAGB 


1 (0.3%) 


- 


0 


0 




Hauri 
(1999) [11] 


SAGB 


1 (0.5%) 


- 


9 (4.3%) 


- 





UTI, urinary tract infection; JIB, jejunoileal bypass; RYGB, Roux-en-Y gastric bypass; L-RYGB, 
laparoscopic RYGB; VBG, vertical banded gastroplasty; BPD,biliopancreatic diversion; BPD-DS, 
BPD with the duodenal switch; SAGB, silicone adjustable gastric banding. 

^The number (n) and percentage of complications in each series are given. Blanks indicate that 
no data were reported for a given complication. 



cause of ARDS in bariatric patients is intra-abdominal sepsis resulting from a GI 
leak or perforation, and ARDS is often the cause of death in cases of overwhel- 
ming abdominal sepsis after bariatric operations. 



Leaks 

The incidence of GI leaks after primary gastric bariatric operations is reported 
to be in the range of i%-2% [2-4]. Leaks can be difficult to recognize in bariatric 
surgical patients because fever and abdominal tenderness are frequently absent 
during the first 48 h after a leak has occurred. Other symptoms in patients who 
have leaks include left shoulder and/or suprapubic pain and occasionally a fee- 
ling of impending doom. Persistent tachycardia and progressive tachypnea are 
the most common early signs. Urine output is often decreased. 
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The leukocyte count is usually elevated but may be within normal limits. An 
isolated left-sided pleural effusion is a common finding on the plain chest radio- 
graph. Because tachypnea and tachycardia are the typical presenting signs, 
pulmonary embolism is often suspected initially in a patient with a gastric leak. 

Most surgeons attempt to identify leaks using radiographic GI contrast stu- 
dies. However, a normal contrast study does not exclude a leak, since extrava- 
sation from the gastric staple line is usually not identified by upper GI contrast 
studies. Because failure to recognize a leak can result in death, exploratory lapa- 
rotomy should be considered in patients with progressive tachypnea and tachy- 
cardia in whom pulmonary embolism has been ruled out, and for patients who 
are rapidly deteriorating, exploratory surgery without GI radiographs may be 
indicated. 

At laparotomy the left upper quadrant should be liberally drained using large 
suction catheters. Suture repair of leaks at the gastrojejunostomy is rarely suc- 
cessful in the face of florid infection. Conversely, leaks in the gastric staple line 
usually can be suture closed. If the leak involves the distal bypassed stomach, 
a tube gastrostomy should be performed. Leaks from enteroenterostomies are 
extraordinarily rare after bariatric operations. 



Laparoscopic Leak Syndrome 

With the growing popularity of minimally invasive bariatric surgery, it has 
become apparent that leaks following laparoscopic procedures are often not as 
serious as those that follow open bariatric operations. The clinical presentation 
of laparoscopic leaks is similar but of a lesser magnitude to those that follow open 
procedures. Although most patients typically have fever and tachycardia, they 
tend not to develop a precipitous downhill course with progressive signs of over- 
whelming sepsis and organ system failure. Occasionally these leaks are virtually 
asymptomatic and are recognized when the patient sees a liquid diet come out 
through the drain tubing. Wittgrove, Schauer and others have shown that the 
great majority of leaks following minimally invasive operations can be treated by 
drainage alone rather than by a second surgical procedure [5,6]. Moreover, many 
of these laparoscopic leaks are managed successfully using the indwelling drain 
placed at the original procedure. 

The incidence of leaks following minimally invasive operations appears to be 
somewhat higher than following open procedures [4, 6, 7]. Much of this difference 
has been attributed to the so-called learning curve. After a surgeon has per- 
formed more than 100 cases it appears that the leak rate after laparoscopic pro- 
cedures is in the range of i%-2%, similar to that following open operations. 

The usual nonoperative treatment regimen consists of drainage of the leak in 
conjunction with nutritional support. Parental antibiotics directed against 
Gram-positive organisms are given. Fungal superinfections are occasionally 
problematic after prolonged use of broad-spectrum intravenous antibacterial 
agents. Occasionally, these leaks will close after only 2-3 weeks of drainage. If a 
patient’s clinical condition deteriorates with nonoperative management laparo- 
tomy should be performed. Follow-up evaluation of leaks consists of performing 
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radiographic contrast studies at 2-3 week intervals until the leak is shown to be 
closed. A minimum of two different radiological contrast studies, including a 
contrast swallow and a sinogram through the drain, should be performed befo- 
re pulling the drain out and restarting a patient on an oral diet. The author has 
found CT to be less useful than contrast studies in following bariatric leaks. 

The incidence of leaks following revision procedures is 5-10 times higher than 
after primary bariatric operations, presumably as a result of ischemic damage to 
the stomach [4, 8]. Although the published mortality rate of leaks after open ope- 
rations is in the range of io%-20%, it may well be higher in the hands of less ex- 
perienced surgeons. Delayed recognition and treatment of GI leaks is the most 
common cause of preventable death after bariatric operations, and the most 
common reason for litigation. 



Wound Infection 

Primary infection of the subcutaneous wound is surprisingly uncommon after 
bariatric operations. The incidence in most large series ranges between 1% and 
5% [4) 7> 9 ] • In the author’s experience the majority of wound infections arise from 
inadequately drained seromas. Seromas are common following open bariatric 
operations with an incidence approaching 50%, and wound infection in the ab- 
sence of a preexisting seroma is rare. 

Both seromas and subcutaneous wound infections can usually be treated con- 
servatively. Most seromas drain spontaneously, however, evacuation of additional 
fluid by the surgeon is occasionally required, using a sterile cotton tip applicator. 
It is rarely necessary to open the wound more than 5-10 cm to evacuate a seroma. 

Most primary wound infections involve Staphylococcus aureus species with 
Streptococcus species a distant second in terms of frequency. Gram-negative in- 
fections are less common. 

The principles of treatment of infected incisions following bariatric opera- 
tions differ somewhat from the surgical principles employed for other wound in- 
fections. Incision and drainage is used to treat the infection, and the wound must 
be opened sufficiently to achieve adequate drainage. However, opening the entire 
length of a large incision condemns the patient to months of wound care prior to 
secondary closure. Even a more limited approach for drainage can result in 
several months of wound care for patients with an extremely deep fat layer. Cer- 
tainly, vigilant and aggressive wound care is imperative in order to adequately 
treat these infections. Use of antibiotics is generally of secondary importance. 
The choice of antibiotics should be guided by the culture results. 



Urinary Infection 

Urinary tract infection is relatively uncommon after bariatric operations, occur- 
ring in 2%-3% of patients, and directly related to the length of time indwelling 
urinary catheters remain in place [3, 6]. Occasionally bariatric patients are so 
immobilized by their obesity that they are unable to use a bed pan or walk to the 
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bathroom, with the result that they require urinary catheters for several days 
postoperatively. 



Rare Causes of Sepsis 

Septic Phlebitis 

Septic phlebitis is a rare cause of sepsis in postoperative bariatric patients. Peri- 
pheral deep venous thrombosis (DVT) in the absence of pulmonary embolism is 
also remarkably uncommon in bariatric surgical patients, occurring in approxi- 
mately 0.4% of patients in our series [4] . However, catheter sepsis in patients with 
long standing central venous access is relatively common. 



Fournier's Gangrene 

Fournier’s gangrene, a mixed bacterial infection that produces massive necrosis 
of the skin and subcutaneous fat, is a rare but recognized complication of severe 
obesity. Many cases are associated with type II diabetes. Presentation may be sub- 
tle, and pain or fever are not evident until extensive infection has set in. The 
treatment is radical debridement of dead and ischemic tissue in conjunction with 
broad spectrum parenteral antibiotics. The mortality of Fournier’s gangrene in 
severely obese patients exceeds 50%. 
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Invited Commentary 

Nicolas V. Christou 



The chapter on source control in bariatric surgery is written by a very experien- 
ced bariatric surgeon and offers a unique perspective in the management of in- 
fectious insults in this specialized patient population. 

The section on pulmonary complications highlights the need to mobilize these 
patients early. All our patients are urged to walk to their commode the evening 
of their surgery in the step down unit of the intensive care area. Since sleep ap- 
nea can be undiagnosed in as many as 40% of morbidly obese patients, monito- 
ring of oxygen saturation in the first 24 h helps to identify those patients who may 
need support. Starting their pulmonary toilet and mobilization early diminishes 
the risk of pulmonary complications in this high-risk patient population. 

There is no doubt among experienced bariatric surgeons that anastomotic 
leaks are the “Achilles' heal” of this procedure as far as mortality is concerned. 
Leaks can kill. In our institution we have a standing order that a pulse rate of 
>120 bpm along with fever (>38°) and white cell count of >12,000 cells per mil- 
liliter indicates an anastomotic leak until proven otherwise. To date, this clini- 
cal triad has alerted us to investigate and diagnose an anastomotic leak in 100% 
of suspected patients. With the use of subcutaneous heparin prophylaxis and 
early mobilization, tachypnea and tachycardia more commonly presages an 
anastomotic leak than a pulmonary embolus. If a patient can be accommodated 
in the CT scan (even with a heavy duty CT scanner, in our practice where the 
mean BMI is 59, over 50% of our patient population cannot fit because of size 
and weight) we will proceed to abdominal CT scan with oral contrast, followed 
by a spiral CT scan of the chest. If the CT scan does not indicate a leak we pro- 
ceed to gastrografin swallow. At times a chest radiograph will demonstrate in- 
creased subdiaphragmatic air from a leak. It should be stressed, as Dr. Brolin has 
done, that failure to demonstrate a leak radiologically in a patient with sign of a 
systemic inflammatory response, especially if progressive, should be followed by 
exploratory laparotomy. The cost of missing a leak could be the patient’s life. The 
management of anastomotic leaks should be limited. Although an attempt at 
repair can be made, repair is usually unsuccessful because of inflammation. 
Adequate drainage must be provided, including the placement of a gastrostomy 
tube. 

We have no experience with laparoscopic bariatric procedures. Dr. Brolin sug- 
gests that leaks following laparoscopic procedures are often not as serious as 
those that follow open procedures and that patients do not develop a precipitous 
downhill course. The theoretical explanation might be that laparoscopic baria- 
tric surgery results in less damage to host tissue (e.g., no large incision) and 
therefore less “priming” of the host for a second-hit - the anastomotic leak. I 
stress that this is a theoretical explanation and that this hypothesis has not been 
tested in a well-controlled clinical trial. 

Dr. Brolin states that infections of the primary wound are “surprisingly un- 
common” after bariatric operations. Perhaps we are treating different patient po- 
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pulations, but our wound infection rate is io%-20%. I agree that these are always 
preceded by wound seromas, usually in the dependent area of the wound above 
the umbilicus. Perhaps the difference in wound infection is a semantic one. By 
strict definition, any wound that opens and drains spontaneously, or is opened 
intentionally by the surgeon for that purpose, should be considered infected. The 
presence of purulent drainage is based on interpretation, and considerable inter- 
observer variability has been documented. Platt et al. describe the difficulties of 
obtaining adequate data, such as those reported by NISS [i]. The management of 
these seromas/wound infections should be tailored to the patient. I agree that 
they need not be opened completely, as long as adequate drainage is provided. In 
our experience, incisional hernias often follow these wound infections. 

Avoiding placing a urinary catheter in these patients can minimize urinary 
tract infections. Hence, we do not insert them perioperatively. We also have an 
i8-h Foley catheter rule: one is not to be placed unless the patient has not voided 
i8 h after their surgery, or unless the patient is physiologically unstable. We find 
that this rule achieves two objectives. First, it encourages early patient mobiliza- 
tion by having the patient get out of bed and use the commode. Second, it avoids 
the higher incidence of urinary tract infection associated with placement of the 
Foley catheter. Even patients with BMI of 70 tolerate this approach quite well. Ac- 
tually, if properly instructed prior to surgery they are proud to show “what they 
can do” on the evening of their operation. 

I agree with all concepts outlined in the “Rare Causes of Sepsis” section. Like 
Dr. Brolin, we have not seen a case of Fournier’s gangrene at our institution. 



Reference 

1. Platt, R. Yokoe DS, Sands KE, CDC Eastern Massachusetts Prevention Epicenter Investigators 
(2001) Emerging Inf Dis 7:212-216 



Editorial Comment 

While agreeing with Dr. Brolin that “a normal contrast study by no means exclu- 
des a leak,” we are not enthusiastic about his contention that “extravasation from 
the gastric staple line is usually not identified by upper GI contrast studies.”. True, 
one should never say “never” or “always” but the leaking foregut in the morbidly 
obese patient should not differ from that of the nonobese patient following 
major upper gastrointestinal surgery. A leak is a leak, and if it is significant, con- 
trast will leak through as well. Routine water-soluble contrast UGI study follo- 
wing bariatric operations in 413 patients identified all clinical leaks. The authors 
admit, however, that the “as the interpretation of these radiographs is often diffi- 
cult, involving different projections or patient’s positions, or other technical ma- 
nagements, surgeons and radiologists must interact” [1]. 

Similarly, we would take issue with the contention that exploratory laparo- 
tomy is indicated in the absence of a documented leak. The objective of surgery 
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in the patient with a gastrointestinal leak, is to convert an abscess to a controlled 
fistula; if no collection is evident, then there is no evidence of an abscess, and no 
potential benefit to surgery. Empiric laparotomy may be indicated, as suggested 
by Dr. Christou, in the patient whose size precludes the performance of satisfac- 
tory radiographic contrast studies. 

Like Dr. Christou, we are skeptical about the notion that leaks following 
laparoscopic bariatric procedures are less lethal than those developing after open 
procedures. Results of laparoscopic bariatric procedures are currently reported 
only by experienced, high-volume laparoscopic bariatric surgeons from large 
centers. Open bariatric surgery, on the other hand, is widely practiced in the com- 
munity. One can draw a parallel to pancreatic leaks following the Whipple pro- 
cedure: in modern studies from centers of excellence it is rarely fatal - when 
occurring, however, in the community such leaks remain a significant complica- 
tion. The parallel is self-explanatory. 

The message of this chapter is clear: early out of bed, early removal of lines 
and catheters, and early identification and treatment of leaks. Septic fatalities are 
usually associated with some sort of delay. 
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16 The Gallbladder and Biliary Tree 

Peter Gotzinger, Reinhold Fugger 



Key Principles 

• Early cholecystectomy is the treatment of choice in acute cholecystitis. 

• Endoscopic sphincterotomy is the treatment of choice in ascending cholangitis. 



Acute Cholecystitis 

Acute Calculous Cholecystitis (ACC) 

Approximately 90% of cases of acute cholecystitis are associated with choleli- 
thiasis. The clinical findings of acute cholecystitis may include symptoms of local 
inflammation ~ such as right upper quadrant tenderness or mass, peritoneal signs, 
hypoactive bowel sounds, positive Murphy’s sign - and systemic toxicity (fever, 
leukocytosis). Jaundice is noted in approximately 15% of patients even in the ab- 
sence of associated choledocholithiasis [1]. Hyperbilirubinemia may result from 
local edema and inflammation secondary to a stone impacted in the cystic duct, 
or from compression of the common hepatic duct or common bile duct (Miriz- 
zi’s syndrome). In the event of prolonged cystic duct obstruction, the gallbladder 
may become distended with clear mucoid fluid, resulting in a hydrops. 



Acute Acalculous Cholecystitis (AAC) 

Acalculous cholecystitis is a consequence of a disturbed microcirculation, causing 
mucosal injury and secondary bacterial invasion of gallbladder wall. AAC is a 
life-threatening condition that may develop in postoperative patients, after severe 
injury or burns, and in patients receiving prolonged total parenteral nutrition. 



Diagnostic Steps 

• Laboratory tests. Leukocytosis with a left shift is commonly observed in pa- 
tients with acute cholecystitis, although a normal white blood cell count does 
not exclude the diagnosis. Serum bilirubin and serum alkaline phosphatase 
may be elevated. 

• Ultrasonography (US). US provides more than 95% sensitivity and specificity for 
the diagnosis of gallstones greater than 2 mm in diameter [2]. Criteria for acute 




The Gallbladder and Biliary Tree 



143 



cholecystitis include gallstones with associated focal gallbladder tenderness, di- 
latation of the gallbladder, sludge, generalized wall thickening, gallbladder wall 
echoes indicating necrosis, and a pericholecystic fluid collection or abscess. 

• Hepatobiliary scintigraphy (HS). Nonvisualization of the gallbladder in symp- 
tomatic patients at i h - with visualization of the liver, bile ducts and the duo- 
denum - is diagnostic of acute cholecystitis. A normal scan virtually rules out 
the diagnosis of acute cholecystitis in patients who present with abdominal 
pain, HS has a better diagnostic accuracy for acute cholecystitis than US (sen- 
sitivity 88% vs. 50%, specificity 93% vs. 88%) [3]. We believe that HS should be 
used in the confirmation or exclusion of acute cholecystitis. 

• Computed tomography (CT) and magnetic resonance imaging (MRI), The 
role of these imaging modalities is controversial. Although CT is over 90% 
specific and sensitive, it offers no advantages to the simpler and less costly 
diagnostic tests described above [4]. 



Therapeutic Steps 

Initial therapy of acute cholecystitis is directed towards general support of the 
patient, including fluid and electrolyte replacement, correction of metabolic im- 
balances, and antibacterial therapy. 



Antibacterial Therapy 

Gram-negative bacteria are the most commonly involved organisms [5]. Al- 
though anaerobes have been detected in more than 15% of patients, they are sel- 
dom proven as the sole isolates [6]. Selection of antibacterial treatment is based 
on the severity of the disease process, the probable biliary pathogens, and the in 
vitro activity of the antibacterial agents. A broad-spectrum therapeutic regimen 
against both Gram-negative and Gram-positive organisms is the preferred treat- 
ment. The literature recommends ureidopenicillins, which exhibit a broad-spec- 
trum activity that includes many anaerobes, the Gram-positive streptococci and 
Gram-negative bacilli [7]. Anaerobic coverage (for example, with metronidazole) 
is warranted in the initial management of biliary tract infections [5]. 



Surgical Treatment 

• The cornerstone of treatment of acute cholecystitis (calculous/acalculous) is 
removal of the inflamed gallbladder. Laparoscopic cholecystectomy is increa- 
singly employed as the initial surgical approach, offering the advantage of 
shorter length of stay, quicker recovery, and a faster return to full activity with 
less postoperative pain compared with the open approach [8-10]. Overall mor- 
bidity and mortality rates for laparoscopic cholecystectomy in acute cholecy- 
stitis range between 10% to 13% and 0.4%, respectively [11]. Duration of 
surgery is not significantly prolonged and outcome reflected in admission to 
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the intensive care unit and hospital stay is significantly better in patients in 
whom laparoscopic cholecystectomy is successful [12]. 

• Laparoscopic operation should be undertaken within 48 h of onset of the dis- 
ease. Recent reports cite conversion rates (from laparoscopic to open surgery) 
of 11% to 32% in laparoscopic cholecystectomy for acute cholecystitis, which 
may be reduced to 1.8% by performing this procedure within 48 h after onset 
of the disease [11, 13-15]. Nonetheless, in cases of severe inflammation of the 
gallbladder, or when it is difficult to identify ductal anatomy clearly, the threshold 
to convert to an open procedure should be low. The laparoscopic experience of 
the surgeon has a significant influence on the conversion rate [16]. 

• In the laparoscopic approach to the difficult gallbladder, conversion rates may 
be further lowered by performing the technique of laparoscopic subtotal 
cholecystectomy. By leaving the posterior wall of the gallbladder intact to 
avoid excessive bleeding or damage to bile ducts, the conversion to open pro- 
cedure may be avoided [17, 18]. 

• The management of ACC is dictated by the overall condition of the patient. Be- 
cause AAC is often aggravated by local complications such as gangrene and 
perforation, the diagnosis should mandate prompt operative approach [19]. In 
patients in whom operation is considered, prompt cholecystectomy is indica- 
ted, either laparoscopically or open. 

• Percutaneous cholecystostomy has been proposed as an alternative measure 
for critically ill patients at extreme risk for general anesthesia. Resolution of 
the inflammation usually follows decompression of the gallbladder. Once sep- 
sis and acute infection resolved and the underlying critical illness is dealt with, 
interval laparoscopic cholecystectomy may be safely performed in up to 91% 
of the patients [20]. 

• The indication for intraoperative cholangiography does not differ from that used 
in the elective setting. There is no evidence that routine cholangiography is ne- 
cessary. However, cholangiography is indicated when the anatomy is uncertain, in 
order to avoid or diagnose bile duct injury, and when ductal stones are suspected 
[21]. It appears that routine drainage of the gallbladder bed is unnecessary [22, 23]. 



Acute Cholangitis 

Acute cholangitis is an infection of the biliary tree caused by biliary stasis lea- 
ding to ascending bacterial infection. Its causes include ductal stones, strictures, 
or tumors, as well as endoscopic manipulation. Increased intrabiliary pressure 
may cause retrograde spread to the perihepatic lymphatics and portal system, in 
turn causing bacteremia [24]. 



Clinical Signs 

The classic presentation of acute cholangitis is Charcot’s Triad (pain, chills, and 
jaundice), rarely accompanied by shock and mental confusion (Reynold’s Pentate), 
although one or more of these features may be absent. 
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Laboratory findings show leukocytosis, elevated C-reactive protein, and ele- 
vation of the bilirubin and alkaline phosphatase. 



Diagnosis 

Ultrasonography 

Ultrasonography may show dilated bile ducts, but the technique is insensitive in 
diagnosing common bile duct stones or establishing the exact cause of cholangi- 
tis. The presence of cholelithiasis suggests, but does not prove, that ductal stones 
are the underlying cause. 



Endoscopic Retrograde Cholangiopancreatography 

Endoscopic retrograde cholangiopancreatography (ERCP) is particularly useful 
in the management of the jaundiced patient suspected of having biliary obstruc- 
tion, causing acute cholangitis. Endoscopic cholangiography should be achieva- 
ble in 85%-90% of patients and will detect extrahepatic biliary obstruction if it 
is present. A completely normal study excludes extrahepatic obstruction. Acute 
cholangitis is not a contraindication to cholangiography provided that prompt 
endoscopic, radiographic, or surgical decompression is available. 



Magnetic Resonance Cholangiopancreatography 

Magnetic resonance cholangiopancreatography (MRCP) can be a useful tool to 
complete the diagnostic steps in patients with acute cholangitis if ductal cannu- 
lation by ERCP is unsuccessful or incomplete. As a diagnostic tool MRCP, unlike 
ERCP, is noninvasive. 



Treatment 

Initial management includes supportive care and intravenous antibiotics; the 
majority of patients (70%-85%) will respond to these measures. However appro- 
ximately 15% of patients will not respond, and require immediate ductal decom- 
pression. In severe suppurative cholangitis biliary drainage is life-saving. Endos- 
copic biliary decompression with a nasobiliary drain or stent placement is 
generally considered the treatment method of choice [25]. Sphincterotomy and 
ductal clearance is possible when stones are small and few in number. 

Another therapeutic option is ultrasound-guided percutaneous transhepatic bili- 
ary drainage of the obstructed ductal system [26]. If endoscopic or transhepatic bili- 
ary drainage fails in the presence of severe suppurative cholangitis, emergency sur- 
gical decompression is indicated. Surgical decompression consists of ductal clearance 
when ductal stones are present, accompanied by placing a transcystic tube or T-tube. 
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If cholangitis is secondary to a tumor, the initial step is endoscopic/transhe- 
patic decompression. After resolution of inflammatory signs, the tumor is eva- 
luated for resectability and further treatment planned electively. 



Controversies 

• optimal timing for surgical treatment in acute cholecystitis: Until recently, this 
has been a subject of debate. The literature shows mortality rates for early and 
delayed surgical procedures to be comparable, with no significant difference in 
the frequency or severity of postoperative complications [ii]. The primary be- 
nefit of early (within 48 h of admission) laparoscopic cholecystectomy is that 
laparoscopic management is more likely to be successful [27]. 

• Open or laparoscopic cholecystectomy: Although conversion rates are higher in 
acute cholecystitis then when operation is undertaken electively, randomized 
studies show that laparoscopic cholecystectomy is safe, and patients benefit 
from the known advantages of the minimal invasive approach [28]. 



Algorithm 

Acute Cholecystitis (Calculous/ Acalculous) 

a) Prompt diagnosis (clinical findings, US, laboratory findings] 

b) General fluid replacement, organ monitoring, antibiotic therapy 

c) Surgical treatment 




Diagram 1. Algorithm for management of acute cholecystitis 
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Cholangitis 

a) Prompt diagnosis (clinical findings, US, laboratory findings, ERCP, MRCP) 

b) General fluid replacement, organ monitoring, antibiotic therapy 

c) Therapy (see Diagram i) 




Diagram 2. Algorithm for management of cholangitis 
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invited Commentary 

Jack Pickleman 



In general, I find much to agree with in the authors* approach to the management 
of patients with acute cholecystitis and ascending cholangitis. Their chapter is 
concise, up to date, and displays mature clinical judgment throughout. 

The authors outline the standard ultrasonographic criteria for acute cholecy- 
stitis and this diagnosis can be presumed in patients with a compatible clinical 
history and any of these radiologic signs. The real utility of ultrasonography rests 
in the fact that it is quickly obtainable, inexpensive, and, when coupled with a cli- 
nical history suggestive of acute cholecystitis, very reliable. Hepatobiliary scinti- 
graphy, although favored by the authors, is used far less frequently than ultra- 
sonography in the United States. An additional disadvantage of this test is that it 
may yield a false-positive result (e.g., nonvisualization of the gallbladder) in a 
sick or fasting patient, as the gallbladder is already distended with bile and may 
not take up the radioisotope. With respect to antibacterial therapy in acute 
cholecystitis, this author would favor a single preoperative dose of a second- 
generation cephalosporin, without specific anaerobic coverage. Importantly, no 
postoperative antibiotic therapy is necessary. 

This reviewer strongly agrees with the authors* recommendation for laparos- 
copic cholecystectomy early in the course of acute cholecystitis. Delaying opera- 
tion invites problems associated with uncontrolled sepsis and a higher conversion 
on rate to open cholecystectomy secondary to an increased inflammatory reaction. 
Additionally, patients who are thought to harbor gallbladder perforation, or those 
in whom a large tender mass is palpable preoperatively indicating a walled off in- 
flammatory process, may be better and more cost effectively served by proceed- 
ing initially with open cholecystectomy. The authors stress the importance of a 
low threshold for conversion to open cholecystectomy if technical difficulties are 
encountered or if delineation of biliary anatomy is impaired. I could not agree 
more with them on this point. However, I would personally discourage the per- 
formance of subtotal laparoscopic cholecystectomy if technical difficulties are 
encountered. If the operation is that difficult, conversion to an open procedure 
represents sound surgical judgment. 

Percutaneous ultrasonographic or CT-guided cholecystostomy will surely 
improve most critically ill patients with acute cholecystitis and concomitant 
morbidity. Although large series of such successfully treated patients have been 
published, it is difficult to determine how many such patients would have re- 
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sponded to antibiotic therapy alone and in whom the cholecystostomy was an 
unnecessary adjunct. However, in the occasional ICU patient with multiple organ 
system failure secondary to occult sepsis or suspected acute cholecystitis, this 
procedure may have merit. I agree with the authors’ recommendation against 
routine operative cholangiography, unless there is a strong suspicion of the pre- 
sence of common duct stones or if biliary ductal anatomy is unclear. 

Regarding the management of ascending cholangitis, the authors’ diagnostic 
and therapeutic steps are optimal. It should, however, be stressed that, in patients 
with ascending cholangitis, there is no role for either percutaneous or operative 
tube cholecystostomy, as this procedure will not reliably decompress the com- 
mon bile duct. 



Editorial Comment 

We wish to add a few practical points to the otherwise solid advice given by the 

contributors and the commentator. 

• The high-risk patient. It is today rare to encounter a patient who cannot be 
subjected to an emergency procedure under general anesthesia. But what to 
do with the occasional extremely sick patient who is even “not fit for a hair- 
cut under local”? The options are a tube cholecystostomy under local 
anesthesia; either ultrasound guided, percutaneous-transhepatic, by the 
radiologist, or an operative cholecystostomy. Failure of the patient to improve 
within 24 h, particularly after the percutaneous procedure, should suggest 
the presence of undrained pus or necrotic gallbladder wall, and the need to 
operate. Laparoscopic procedures are contraindicated in critically ill patients 
because the laparoscopic CO2 pneumoperitoneum causes intra-abdominal 
hypertension The latter, with its adverse cardiorespiratory and renal physio- 
logical effects, further compromises the condition of the already compromised 
patient [1]. Furthermore, experimental studies suggest that laparoscopic CO2 
pneumoperitoneum increases the infective-septic complications and morta- 
lity rate in “late peritonitis” [2]. As a general rule, during laparoscopic 
cholecystectomy the lowest possible intra-abdominal pressure should be 
used. This together with gradual insufflation and limiting the head-up degree 
to minimum, avoids cardiovascular instability in high-risk patients [3] (see 
Chap. 36). 

• The cirrhotic patient. An emergency cholecystectomy in cirrhotics with portal 
hypertension may quickly degenerate into a bloody disaster due to an intra- or 
postoperative hemorrhage from the congested gallbladder’s hepatic bed, or 
from large venous collaterals at the duodenohepatic ligament. Although con- 
ventional laparoscopic cholecystectomy has been judged as safe in selected 
“Child A” or even B patients [4], the secret is to stay away from trouble - not to 
dissect near the engorged and rigid hepatic parenchyma and the excessively 
vascular triangle of Callot. For us, a subtotal or partial cholecystectomy is the 
procedure of choice in this situation - as discussed below. 
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• Choledocholithiasis associated with acute cholecystitis. About a tenth of pa- 
tients who suffer from AC have associated common bile duct stones. As Drs. 
Gotzinger and Fiigger stressed, AC may produce jaundice and liver enzyme 
disturbances in the absence of any ductal pathology. AC is very rarely associated 
with active complications of choledocholithiasis. Thus, the combinations of AC 
with acute pancreatitis, ascending cholangitis, or obstructive jaundice is un- 
common. The emphasis, therefore, should be on the treatment of AC, which 
represents the life-threatening condition; ductal stones, if present, are of se- 
condary importance. 

• Acalculous cholecystitis. Acalculous cholecystitis is another common sequel of 
the disturbed micro-circulation in the critically ill patient. Clinical diagnosis 
is extremely difficult in the critically ill or traumatized patient. Abdominal 
complaints and the background disease mask signs. Fever, jaundice, leu- 
kocytosis, and disturbed liver function tests are commonly present but are 
entirely nonspecific. The early diagnosis requires a high index of suspicion: 
suspect and exclude cholecystitis as the cause of an otherwise unexplained 
septic state or SIRS. Ultrasonography performed at the bedside is the dia- 
gnostic modality of choice. Gallbladder wall thickness (>3-0-3*5 nim), intra- 
mural gas, the “halo” sign, and pericholecystic fluid are very suggestive. Simi- 
lar findings on CT examination confirm the diagnosis. False-positive and 
negative studies have been reported with both imaging modalities. Hepato- 
biliary radioisotope scanning is associated with a high incidence of false-posi- 
tive studies. However, filling of the gallbladder with the radioisotope (morphine 
assisted, if necessary) excludes cholecystitis. A highly suggestive clinical scenario 
and diagnostic uncertainty is an invitation to treat, as indicated by the con- 
tributors. However, acalculous cholecystitis is an uncommon entity in critical 
illness, whereas nonspecific distention - the equivalent of gall bladder ileus ~ 
is quite common. 

• We agree with Dr. Pickleman that routine anti-anaerobic coverage is unneces- 
sary in acute cholecystitis and that postoperative antibiotics are not needed in 
the absence of established purulent or biliary peritonitis. Acute cholecystitis 
represents a resectable type of infection, necessitating only perioperative anti- 
biotics [6]. 



A Few Additional Technical Points 

• As Dr. Pickleman stressed, very difficult gallbladders should be removed through 
an open approach. In addition, most converted cases will be difficult. In this 
situation it is wise to go fundus down and stay near the gallbladder. After needle 
decompression (connect a wide bore needle to the suction) of the distended gall- 
bladder, hold the fundus up with an instrument and dissect down towards the 
cystic duct and artery, which are the last attachments to be secured and divided. 
Observing this rule, it is virtually impossible to damage the bile duct. 

• Subtotal (partial) cholecystectomy is an excellent solution in problematic si- 
tuations such as a difficult-to-dissect triangle of Calot, portal hypertension, or 
coagulopathy. The gallbladder is resected starting at the fundus; the posterior 
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wall (or what is left of it when a necrotizing attack has occurred) is left atta- 
ched to the hepatic bed and its rim is oversewn for hemostasis with a running 
suture. At the level of the Hartmann pouch, the cystic duct opening is identi- 
fied from within. The accurate placement of a purse-string suture around this 
opening as described by others is not satisfactory, as the suture tends to tear 
out in the inflamed and friable tissues. Best is to leave a i cm rim of the Hart- 
mann pouch tissue and suture-buttress it over the opening of the cystic duct. 
When no healthy gallbladder wall remains for closing the cystic duct, it is ab- 
solutely safe just to leave a suction drain and bail out. In the absence of distal 
common bile duct obstruction the drain will remain dry because the cystic 
duct is obstructed by the inflammatory process. The exposed and often necro- 
tic mucosa of the posterior gallbladder wall is destroyed with diathermy and 
the omentum is brought into the area. In this operation the structures in the 
Calot’s triangle are not dissected out, and bleeding from the hepatic bed is 
avoided; it is a fast and safe procedure having the advantages of both cholecy- 
stectomy and cholecystostomy [5]. 

• Cholecystostomy. This procedure may be indicated in the very rare patient who 
must be done under local anesthesia and when percutaneous cholecystostomy 
is not available or successful. After the infiltration of local anesthesia place a 
“mini” incision over the point of maximum tenderness or the palpable GB 
mass. You can mark the position of the fundus on the skin during preopera- 
tive ultrasound - as it is embarrassing to enter the abdomen, under local 
anesthesia, and find that the gallbladder is far away. The visualization of gall- 
bladder wall necrosis at this stage mandates a subtotal cholecystectomy; other- 
wise, open the fundus and remove all stones from the gallbladder and Hart- 
mann’s pouch. For improved inspection of the gallbladder lumen, and 
complete extraction of stones and sludge, a sterile proctoscope may be useful. 
Thereafter, insert into the fundus a tube of your choice (we prefer a large 
Foley), securing it in place with a purse-string suture. Fix the fundus to the 
cholecystostomy site at the abdominal wall, as you would do with a gastro- 
stomy. A tube cholangiogram performed 1 week after the operation will tell you 
whether the cystic duct and bile ducts are patent; if so, the tube can be safely 
removed. Whether an interval cholecystectomy is subsequently indicated is 
controversial. 
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17 Pancreatic Infection 



Patchen Dellinger 



Key Principles 

• Timely diagnosis of infection 

• Prompt debridement when infection is diagnosed 

• Easier and safer late debridement when possible 

• Debridement of sterile necrosis, late in the course of the disease, if needed at all 

• Removal of necrotic and/or infected tissue 

• Avoidance of acute morbidity associated with necrotic tissue debridement 
(bleeding, fistula, devascularization of viscera, splenic injury) 

• Preservation of functional tissue - pancreas, endocrine and exocrine 

• Avoidance of late morbidity (prolonged open wounds, fistulas, hernias) 



General Approach 

Necrotizing pancreatitis [i] presents a number of challenges to the treating phy- 
sician (Table i), including diagnosis of pancreatitis, early treatment decisions, 
timely recognition of infection, timing of intervention for source control, and 
best techniques of source control. Patients with infected necrotizing pancreatitis 
have a high morbidity and mortality. The disease is common enough that most 
practicing surgeons will see several cases in a career, but uncommon enough that 
most do not accumulate an extensive experience. Even referral centers that pub- 
lish series of cases see only from 6 to 22 cases per year on average [2-6]. Thus, 
controlled trials of different approaches to treatment are not common and 
frequently are not decisive. Older trials that have been conducted in pancreatitis 
often include all degrees of severity and are not relevant to the management of 



Table 1. General approach 

Diagnosis of necrotizing pancreatitis 

Stabilization of cardiorespiratory status 

Support of organ failure 

Diagnosis of infection 

Debridement of necrotic and infected tissue 

Re-debridement and/or drainage as needed - scheduled or unscheduled 
Wound closure 
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patients with severe necrotizing pancreatitis. Prospective trials of treatment for 
pancreatitis have failed to demonstrate consistent benefit for nasogastric suc- 
tion, H2 blockers, atropine, glucagon, somatostatin, calcitonin, indomethacin, 
aprotinin, gabexate, lexipafant, fresh frozen plasma, parenteral nutrition, peri- 
toneal lavage, sump drainage, or pancreatic resection [7]. Regarding timing and 
technique for operative source control, almost no controlled trials have been con- 
ducted. One trial evaluating the timing of operative intervention was stopped 
prematurely with small numbers and no definitive conclusion [4]. This trial entered 
all patients with necrotizing pancreatitis with or without infection, and showed 
a trend that favored operation after 12 days. The information that is available to 
us comes from institutional series, either compared with their own prior experi- 
ence as their techniques and procedures evolved, compared with other published 
series, or not compared. 



Initial Presentation 

The issues in diagnosing and caring for a patient with severe pancreatitis begin 
with the initial presentation, since even sterile pancreatitis in the absence of in- 
fection typically presents with fever, leukocytosis, tachycardia, and abdominal 
pain and tenderness, all signs consistent with abdominal infection [8]. The initial 
process is chemical rather than infectious; severe cases produce necrosis of pan- 
creatic parenchymal tissues and surrounding peripancreatic, retroperitoneal 
adipose tissues. Patients with greater degrees of retroperitoneal necrosis and/or 
a more severe physiologic disturbance (measured by APACHE II or Ranson scores, 
or an organ failure score) have a higher incidence of infection [8-10]. The route 
of infection in individual cases is not usually known, but it can occur through 
bacteremia, biliary organisms entering the pancreatic duct, especially in cases of 
biliary pancreatitis, and through translocation. Animal models support all routes 
of contamination. Operative intervention in cases of sterile necrosis also intro- 
duces nosocomial contamination and infection in up to 30 % of cases [11, 12]. The 
time of onset of infection can be very difficult to determine; the clinical course 
of the patient is rarely helpful since infected patients cannot be distinguished 
from uninfected patients on the basis of white blood cell count, temperature, or 
abdominal exam [8]. Documented infection may occur during the first week of 
disease, or as late as 8-10 weeks later, but is more commonly diagnosed in the 
third and fourth week [10]. 

The role of ERCP in patients with severe biliary pancreatitis has been debated. 
Current data support its use primarily for patients with evidence of biliary ob- 
struction and cholangitis [7]. 



Diagnosis and Antibiotics 

Infection can be confirmed by culture of retroperitoneal tissues obtained at ope- 
ration, but operation on clinical grounds alone results in intervention in sterile 
necrosis as often as 60 % of the time, and carries the risk of secondary infection 
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following operation [ii]. A preoperative CT scan demonstrating extensive gas 
collections in an area of necrosis almost always indicates infection, but occurs in 
a minority of cases. The only reliable preoperative diagnostic test for infection is 
CT or ultrasound-guided percutaneous aspiration of necrotic retroperitoneal 
tissues. This technique is approximately 90 % accurate and can be repeated as ne- 
cessary in prolonged cases. Ninety percent of errors with this technique occur 
during the first week of the disease, a time when aspiration can usually be avoided 
[11]. Needle aspiration appears to be reliable even in patients receiving antibio- 
tics at the time of the aspiration, probably because the antibiotics do not pene- 
trate into the necrotic, unperfused areas where infection occurs. 

Whether or not to begin systemic antibiotics in patients with retroperitoneal 
necrosis but no diagnosis of infection is controversial. Many experienced surgeons 
favor the early use of systemic antibiotics, but the trials that have been performed 
in this area have a number of shortcomings, and tend show a reduction in infec- 
tions without a corresponding reduction in the number of operations required, 
morbidity, or mortality [8]. 



Operation in Sterile Necrosis? 

There is also controversy regarding the role of operative intervention in patients 
with necrosis visible on CT scan and no documented infection, but a progressive 
course with organ failure despite aggressive ICU support. There are no compa- 
rative studies available to answer this question. Individual series reporting the re- 
sults of operative debridement of sterile necrosis have suggested benefit [13], how- 
ever, other series have reported patients with sterile necrosis who survived 
without operative intervention [12]. It is clear that a significant number of patients 
with pancreatic and peripancreatic necrosis but without infection will improve 
without operative intervention, the published figures showing a survival of 
261/287 (90.9%, 95% confidence interval = 87.6 %-94.2%) [12]. Whether patients 
with sterile necrosis who do not respond to nonoperative management might 
benefit from intervention and debridement cannot be determined from available 
published data. Recent publications, even from centers previously favoring de- 
bridement of sterile necrosis, acknowledge that many patients do not benefit, and 
recommend it only for patients who remain symptomatic weeks after the onset 
of disease [11, 14]. 



The Operation 

When the diagnosis of retroperitoneal infection is made, all agree that interven- 
tion is required, and no studies regarding management of these patients without 
source control exist. The controversies relate to the method of operative inter- 
vention or source control. All agree that most necrotic tissue must be removed, 
and there are no reports of deliberately incomplete debridement. However, com- 
plete debridement at the first operation is impossible in the majority of patients. 
Most of the infected necrotic tissue is in the retroperitoneum of the lesser sac, often 
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Table 2. Controversies 

Should systemic (preventive) antibiotics be started for patients with necrotizing pancreatitis 
before the diagnosis of infection is established? 

What is the role of ERCP? 

Should sterile necrosis be debrided? 

What is the best time for operative debridement? 

What is the best operative approach when debridement is done? 

Percutaneous drains? 

Temporizing 

Definitive 

To provide guidance/access for a videoendoscopic approach 

Videoendoscope? 

As the sole approach 

As an adjunct to an open procedure 

Open operation? 

Incision 

Midiine 

Subcostal 

Posterior approach 
Follow-up care 
Reoperate when indicated 
Open 

Percutaneous 

Close with scheduled reoperation (+ “zipper”) 

Close with postoperative lavage 
Leave open 



extending to the retrocolic gutters on the left and right and sometimes into the 
perirenal spaces. The process commonly extends into the transverse mesocolon 
and into the base of the small bowel mesentery, and on occasion, can extend as 
far as the mediastinum or the groin. The involved tissues surround the pancreas 
and the major visceral vessels, and injury to splenic vessels, spleen, pancreas, and 
mesentery with secondary injury to bowel can easily occur during debridement 
- or after as a result of pressure from drains or trauma from dressing changes. 
The response to these challenges has generated a number of published approa- 
ches to source control in these patients (Table 2). 



Which Procedure? 

The most widely described methods involve open laparotomy with exposure of 
the lesser sac and blunt debridement of the involved tissues. Viable tissues should 
be left both to avoid bleeding and to minimize late endocrine and exocrine dys- 
function [15]. It is important to have a high-quality recent CT scan available in 
the operating room. During the operation the scan should be consulted to ensure 
that the debridement has been carried to all involved areas. Different authors 




158 



P. Dellinger 



champion a midline incision or a bilateral subcostal incision. The subcostal in- 
cision may provide slightly better access to the upper abdomen but makes de- 
bridement of caudal areas and management of submesocolic intra-abdominal 
complications more difficult. The choice of specific incision is better left to the 
experience and preference of the operating surgeon. Some prefer a posterior, 12th 
rib approach to the retroperitoneum to avoid complications of open laparotomy 
that will be discussed below. This approach is more difficult for many surgeons 
and gives a more limited access to the retroperitoneum but can be used to good 
effect if the surgeon has the experience, and if the CT scan demonstrates that all 
areas needing debridement will be accessible by this approach. 

When the initial debridement is completed the abdomen can be closed prima- 
rily, closed over drains of various types with or without irrigating catheters, or left 
open with or without gauze packing and/or drains. Following surgery, the patient 
can be managed in the ICU and reexplored only if clinical indications for reopera- 
tion arise, or alternatively scheduled for mandatory reoperation at defined intervals 
until specific criteria regarding the state of the wound and the retroperitoneum 
are achieved. Mandatory reoperation often requires some type of prosthetic tem- 
porary closure of the abdomen, which can be accomplished with or without a zip- 
per, bur, or similar fastening device. The choice of prosthetic material and use of 
fastening device are personal preferences of the operating surgeon and have never 
been demonstrated to affect outcome. Series reporting the outcome of each pos- 
sible strategy listed above have been published, usually claiming superiority for 
the approach being published; no comparative series are available. 

The concept of mandatory reexploration arose because first operations for 
necrotizing pancreatitis are typically incomplete, and reflected an attempt to re- 
turn the patient to the operating room prior to clinical deterioration caused by 
persistent infection in the remaining areas of infected necrosis. An aggressive 
program of scheduled relaparotomy is very labor intensive and is most success- 
ful when performed by the same surgeon each time. It exposes the patient to an 
increased risk of wound complications and hernias, and to the repeated risk of 
bowel injury and fistula formation that increases as granulation tissue covers the 
viscera and exploration becomes more difficult. Leaving the abdomen open with 
gauze packing achieves earlier complete debridement, but exposes the patient to 
an almost inevitable giant incisional hernia and a very high risk of fistula from 
the gauze packing. 

Centers that close the abdomen primarily and place large numbers of drains, 
with or without irrigation catheters, report that remaining areas of necrosis will 
ultimately separate from viable tissues and be removed by the drains. For this 
strategy to work, large drains must be used, and there is a significant risk of bowel 
or blood vessel injury by pressure and erosion from the drains. For this reason, I 
favor soft drains such as Penrose drains exiting through large flank incisions. 
When the abdomen is closed over drains following initial debridement, the treat- 
ing surgeon must always be prepared to intervene if the patient’s condition de- 
monstrates a recurrent or persistent infection. In my experience, this second 
intervention can often be achieved successfully by percutaneous techniques 
obviating the need for a second open operation. A report of this technique from 
the Massachusetts General Hospital showed that 44 of 69 patients could be 




Pancreatic Infection 



159 



managed by a single surgical procedure, and that another 9 could be managed 
with a subsequent percutaneous drainage alone [6]. Thus, 83 % had only one trip 
to the operating room for an open surgical procedure. Retrospective analysis of 
this experience suggested that the patients benefited when the interval between 
onset of pancreatitis and operation increased up to 4 weeks. The consensus 
among pancreatic surgeons is that with time the necrotic tissues separate from 
surrounding vascularized, viable tissue, and debridement can be more complete. 
What remains has a better chance of being evacuated by drains. 



Percutaneous Treatment 

Following reports of successful treatment of intra-abdominal abscesses by per- 
cutaneous catheters placed in the radiology department in the early 1980s, this 
new technique was attempted in patients with infectious complications of pan- 
creatitis. Early reports indicated a high failure rate due to the tenacious nature of 
the infected necrotic tissue that quickly clogged the catheters, and thus percu- 
taneous drainage for pancreatic infection developed a bad reputation. Other re- 
ports indicated that placing catheters into sterile collections that included necrotic 
elements frequently converted these into infected collections. However, there has 
recently been a renewed interest in the use of percutaneous catheters, and pub- 
lished series have demonstrated successful management of patients with infected 
pancreatitis when catheters have been carefully managed by the use of frequent 
studies, changing and upsizing catheters, vigorous irrigation, and even percu- 
taneous debridement with stone baskets and other such devices via percu- 
taneous access [16-18]. Even when not ultimately successful as the definitive 
management technique for infected necrotizing pancreatitis, percutaneous 
catheter drainage can function as a temporizing maneuver, allowing a patient to 
stabilize and providing some additional time to allow subsequent open surgical 
drainage to be more complete when it is undertaken. 



Videoendoscopic Techniques 

Reports of videoendoscopic techniques applied to debridement of infected pan- 
creatic necrosis have recently been published. Videoendoscopic instruments have 
been used to provide better visualization in areas of the retroperitoneum as part of 
an open operative procedure [19]. In other reports, the treating surgeon has dilated 
an existing percutaneous catheter tract and used that to introduce either an ope- 
rating nephroscope [20] or other videoendoscopic instruments directly into the af- 
fected area for debridement under direct video observation. Others have reported 
small series of patients debrided by a traditional transabdominal laparoscopic 
approach analogous to laparotomy [21], or by a blunt retroperitoneal approach 
guided by CT scans [21, 22]. All of these “less invasive” approaches to debridement 
of infected necrotizing pancreatitis have the potential advantages of minimizing 
the physiological disturbance of an ill patient and reducing the risk of subsequent 
incisional hernia, which is common with all of the open approaches. 
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Diagram i. Algorithm for necrotizing pancreatitis (modified from [8]) 



Summary 

The principles presented above are components of successful source control for 
the patient with infected necrotizing pancreatitis. The presence of infection of re- 
troperitoneal tissues must be recognized, and is most commonly accomplished 
with cultures and Gram stains of percutaneous aspirates guided by CT scan. 
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Whether to operate and debride patients with sterile necrosis who are not 
responding to nonoperative management remains an unresolved question, how- 
ever, if operative intervention is contemplated, it should be done late in the course 
of the disease. Debridement of infected necrotic peripancreatic and pancreatic 
tissues is more likely to be nearly complete, thus avoiding the need for sub- 
sequent debridements, if at least 2 weeks have passed since the onset of acute 
pancreatitis. There may be a role for percutaneous drains as temporizing proce- 
dures in combination with antibiotics for patients who are diagnosed with in- 
fected peripancreatic tissue during the first 2 weeks. When debridement is per- 
formed it should be as complete as possible, accessing all affected areas and 
removing as much necrotic tissue as possible. On the other hand, debridement 
carries a significant risk of bleeding or bowel injury. These complications can be 
very serious and should be avoided if possible. The aggressiveness of debride- 
ment depends on the operative experience of the surgeon. The published litera- 
ture does not support one technical approach over another with respect to choice 
of incision, use of drains, closure of the abdomen, mandatory reexploration, or 
other such options. It is likely that an increasing experience will be available with 
less invasive percutaneous and videoendoscopic approaches. Whatever approach 
and schedule are employed, the surgeon must be prepared for additional inter- 
ventions, the details of which will depend on the circumstances of the individual 
patient. Most of the controversies listed in Table 2 are amenable to prospective 
multicenter trials. 
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Invited Commentary 

Beat Gloor, Markus W. Buchler 



The key principles, as mentioned by Dr. Dellinger - prompt debridement when 
infection is diagnosed and, if at all, late debridement in patients with sterile 
necrosis - certainly represent today’s “gold standard” in the surgical manage- 
ment of patients with severe acute pancreatitis. Although we agree with the key 
message of this chapter we take a somewhat different position regarding the 
following issues: 



The Use of Antibiotics in Patients with Severe Acute Pancreatitis 

A meta-analysis of all prospective randomized trials investigating the use of pro- 
phylactic antibiotics in patients with necrotizing pancreatitis revealed that pro- 
phylactic antibiotics reduce the infection rate of necrotic tissue and reduce mor- 
tality, provided antibiotics with appropriate activity and pharmacokinetic 
characteristics are given [1]. In accordance with the results of this meta-analysis, 
we support a routine antibiotic prophylaxis in all patients with necrotizing pan- 
creatitis. Of course, it must be remembered that antibacterial therapy carries the 
risk of promoting fungal infection and selecting multiresistant organisms. We 
addressed this issue in an analysis of 103 patients receiving an antibiotic prophy- 
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laxis with Imipenem/Cilastatin for 14 days [2]. The important findings of this study 
were that: 

a) the occurrence of multiresistant organisms is a rare finding (3 of 103 patients) 
and, 

b) fungal infection, if treated adequately, does not carry an increased risk for a 
negative outcome [2]. 

Nevertheless, we agree with the author that further data from randomized con- 
trolled trials are necessary to define the optimal duration and choice of antibio- 
tic agents in patients with severe acute pancreatitis. 



Treatment of Patients with Sterile Necrosis 

It is abundantly clear that many - probably most - patients found to have areas 
of sterile pancreatic necrosis will heal successfully without debridement [3, 4]. It 
is indeed a matter of controversy which subgroup of patients with sterile necrosis 
should undergo surgical debridement. We proposed a treatment strategy accord- 
ing to the status of infection. The death rate in a group of 86 patients with necro- 
tizing pancreatitis was 1.8 % (1/56) in those with sterile necrosis managed with- 
out surgery, and 24% (7/29) in patients with infected necrosis. However, in that 
series two patients whose infected necrosis could not be diagnosed in a timely 
fashion died while receiving nonsurgical treatment. Thus, an intention-to-treat 
analysis (nonsurgical treatment) revealed a death rate of 5% (3/58) with conser- 
vative management versus 21 % (6/28) with surgery [4]. From such data we learn 
that patients with sterile necrosis have to be reexamined continuously, if fine 
needle aspiration does not prove infection and the patient is not improving, de- 
spite correct intensive care treatment. Such patients, especially if organ failure is 
present, need to be treated surgically (i.e., as if they were infected) and the inter- 
vention, as outlined by Dellinger, should be postponed to the third or fourth week 
after onset of the disease. 



Algorithm 

Because of the foregoing arguments, we would like to present a similar but simp- 
ler algorithm for the management of patients with severe acute pancreatitis (Dia- 
gram 2). First, disease stratification should be done according to disease severi- 
ty. As outlined above, we recommend routine antibiotic treatment for up to 14 
days. According to our experience, such a policy delays the occurrence of pan- 
creatic infection, thereby allowing intervention later in the course of the disease 
when surgery can be performed with less morbidity. In addition, if the first in- 
tervention can be performed late, when the distinction between viable and 
necrotic tissue is easier, only one surgical intervention is sufficient for the vast 
majority of patients undergoing surgery, and further interventions usually can 
be reduced to percutaneous procedures. 
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Conservative treatment 
on the ICU 



Necrosectomy and 
continuous postoperative 
lavage of the retroperitoneum 



Diagram 2. Stratification, according to disease severity and then according to the status of in- 
fection, represents the key element in the management of patients with acute pancreatitis. 
minority of patients with sterile necrosis, not responding to optimal ICU treatment, benefit from 
surgical intervention 
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Editorial Comment 

Moshe Schein 



Dr. Dellinger’s methodical review emphasized the many remaining controversies 
while Dr. Gloor and Professor Biichler reiterated their simple but logical (and based 
on extensive personal experience) approach. 

I do not agree entirely with Dr. Dellinger suggestion that “the choice of speci- 
fic incision is better left to the experience and preference of the operating surgeon.” 
I think the choice of incision does matter and may influence eventual results. The 
site of infected necrosis can be approached either from the front, transperito- 
neally, or extraperitoneally - via a flank incision. The latter allegedly prevents 
contamination of the peritoneal cavity and could decrease the incidence of wound 
complications. This “blind” technique, however, is associated with a higher risk 
of injury to the transverse colon and of retroperitoneal hemorrhage; it makes 
proper exploration and necrosectomy difficult. I prefer therefore a transperito- 
neal approach through a long transverse incision (Chevron), which offers ge- 
nerous exposure of the entire abdomen. A midline incision offers adequate ex- 
posure but interferes with the small bowel in cases where planned reoperations 
or laparostomy are subsequently necessary. In our experience, a transverse lapa- 
rostomy protects the small bowel and prevents exposure fistulas; a transverse la- 
parostomy usually contracts spontaneously, leaving smaller abdominal wall de- 
fects, which do not need the major reconstruction required in patients treated 
with a midline vertical laparostomy. The extraperitoneal routes are valuable in 
rare instances when the process is localized to the pancreatic tail, on the left side, 
or to its head, on the right. These routes are more often used to evacuate localized 
“sequestra” of necrotic fat during subsequent reoperations. 

I want to mention that patients with severe acute pancreatitis occasionally de- 
velop intra-abdominal hypertension due to the swelling of the pancreas and ad- 
jacent retroperitoneal tissues, and to peripancreatic fluid collections and asso- 
ciated intestinal ileus. Surgeons should be aware that this hypertension may 
result in an abdominal compartment syndrome, which would necessitate an 
emergency abdominal decompression early in course of the disease [i]. 

Thankfully, the contributors ignore the outdated term of “pancreatic abscess” 
which is still used in the community to erroneously describe infected pancreatic 
necrosis. Pancreatic abscess is a well-demarcated collection of pus - representing 
an infection of a residual sequestrum of necrotic fat, or an infected pseudocyst - 
rarely occurring late in the course of the disease or after its surgical management. 
Pancreatic abscess is thus a relatively benign complication of acute pancreatitis 
and easily manageable with percutaneous drainage. 

The optimal management of severe acute pancreatitis requires understanding of 
its natural history and a lot of patience. During the early phases of the disease, we have 
to patiently avoid operation and look for infection. Later on, when called to operate 
on necrotic and infected complications we have to patiently debride what is debrida- 
ble, re-debride if and when necessary, and spare the adjacent vital structures. 
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John Marshall 

I believe that the operative approach depends on the timing of intervention (early 
vs. late) and the anatomic location of infection as defined by CT scan. A midline 
incision provides better exposure to the pelvis if this is needed, and facilitates the 
creation of stomas. A retroperitoneal approach is better for a well-demarcated, 
mature, and localized process. Laparoscopy has the additional advantage of per- 
mitting visualization of areas (e.g., the lesser sac) that may not be readily visible 
at laparotomy. I agree with both commentators that delaying surgery to permit 
demarcation of viable and nonviable tissue is a key principle; when this is done, 
debridement can often be accomplished with a single operation. Personally I 
don’t use CT-guided aspiration, for in a relatively stable patient with suspected 
retroperitoneal infection I am quite comfortable with antibiotic maintenance 
(the flora is usually evident from other sites), and delay surgery until there is 
good evidence of tissue demarcation, typically 4 weeks or longer. This approach 
may, however, be a bit too radical for some, even though it works well! 
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Key Principles 

• Liver abscesses are either pyogenic or parasitic. 

• Early diagnosis and prompt treatment of the underlying cause reduce morbi- 
dity and mortality. 

• Source control consists of drainage using surgical or US/CT-guided aspiration 
and antibiotic therapy. 

• Hydatid cysts of the liver can be managed surgically as well as percutaneously. 
Source control can be achieved by radical or conservative procedures. 



General Approach 

Pyogenic Abscess 

The incidence of pyogenic liver abscess ranges from 0.03% to 1.4% in autopsy 
studies [1]. There has been a recent shift in etiology (Table 1) with the biliary tract 
replacing infectious processes spreading through the portal route as the most 
common cause of pyogenic liver abscesses [2]. Whereas appendicitis was pre- 
viously considered as the most common cause of portal venous spread of bacte- 
ria, diverticulitis, perforated ulcers, and cancers have become the leading causes 
of this complication. 

Kupffer cells in the liver usually engulf bacteria entering the portal system. A 
liver abscess may form if the quantity of the organisms exceeds the phagocytic 
capacity of the Kupffer cells, or when the host is immunocompromised. The he- 
patic artery is the source of contamination in cases of systemic bacteremia such 
as subacute bacterial endocarditis. Pyogenic liver abscesses are most commonly 
located in the right lobe of the liver. Biliary obstruction from stones, strictures or 



Table 1. Causes of pyogenic liver abscesses 

1. Diseases of the biliary tract 

2. Infectious process of the gastrointestinal tract 

3. Hematogenous spread via the hepatic artery 

4. Direct extension from an intra-abdominal pathology 

5. Trauma 
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tumors leads to contamination of the bile, leading to cholangitis and multiple 
abscesses. In patients with Oriental cholangiohepatitis with biliary stricture, 
abscesses are most commonly are located in the lateral segment of the left 
lobe [3]. 

Gram-negative aerobic microorganisms {E. colU Klebsiella, Proteus) are the 
most commonly isolated bacteria; anaerobic bacteria are rarely cultured. Abs- 
cesses are polymicrobial in 30%-50% of the cases [2-5]. 

Fever and chills are the most common symptoms of patients with liver abs- 
cesses; right upper quadrant abdominal pain, jaundice, weight loss, nausea, and 
vomiting are commonly associated manifestations. Rupture of the abscess with 
peritonitis may be seen occasionally. Leukocytosis, hyperbilirubinemia, hypoal- 
buminemia, and elevated serum alkaline phosphatase are the predominant labo- 
ratory findings [1-3]. 



Diagnosis 

Imaging techniques are extremely helpful in the diagnosis of hepatic abscesses. 
Plain abdominal X-rays may demonstrate gas within the abscess cavity or eleva- 
tion of the diaphragm in io%-2o% of cases. Ultrasonography - demonstrating 
an irregular margin and a hypoechoic lesion - is the preferred initial diagnostic 
method, having an 8o%-90% accuracy rate in diagnosing abscesses larger than 2 
cm in diameter; its utility is limited when abscesses are located in the dome of 
the liver [2,3]. 

Computerized tomography (CT) has the advantage of detecting intrahepatic 
abscesses as small as 0.5 cm, an important advantage in patients with multiple 
small pyogenic abscesses [2]. Pyogenic abscesses on CT may appear as well-defi- 
ned round or oval cavities, but may also be lobulated with poorly marginated ed- 
ges. Contrast enhancement increases the ease of diagnosis. US- or CT-guided 
needle aspiration of the abscesses may further contribute to the diagnosis. 

Magnetic resonance (MR) is a sensitive imaging method for detection of liver 
lesions but does not provide additional information on liver abscesses beyond 
that provided by CT or US. Runge et al. claimed, however, that the diagnosis of 
an early liver abscess is improved on delayed MR imaging with gadolinium- 
BOPTA [6]. 



Treatment 

Source control in pyogenic liver abscess includes adequate drainage, proper 
antibiotic therapy, and elimination of the cause of the abscess (if identifiable) 
(see Diagram 1). 

Drainage of pyogenic liver abscesses is the mainstay of treatment. Drainage 
can be accomplished either surgically or percutaneously. The operative risk to the 
patient, the presence or absence of coexisting primary intra-abdominal patho- 
logy, and local expertise are all factors that should be considered in selecting the 
optimal therapy. 
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Diagram i. Diagnosis and treatment of liver abscess 



Surgical Management. Location of the abscess is important in determining the 
surgical approach. Abscesses located in the dome of the liver can be approached 
transpleurdly through the bed of the lo-iith rib. This approach has the advantage 
of avoiding peritoneal contamination, but the disadvantage of providing only 
limited exposure. Recent series [5, 7] reported an overall success rate of transpe- 
ritoneal surgical drainage of up to 90%. Herman et al. [5] advocated surgical drai- 
nage as the first step in septic patients when a delay in adequate drainage might 
be detrimental. Intraoperative ultrasonography may also be helpful in localizing 
abscesses deep in the liver parenchyma. 

Laparoscopic drainage has also been advocated. Tay et al [8] reported 20 pati- 
ents with liver abscess - of which 18 were pyogenic - treated with laparoscopic 
drainage. The success rate was 85%. 

Percutaneous drainage of pyogenic liver abscesses was initially accomplished 
by needle aspiration. Dietrick [9] reported a mortality rate of 2.8% and a com- 
plication rate of 17.4% with needle aspiration alone. US or CT directed percuta- 
neous drainage is now considered the treatment of choice for patients who do not 
have a surgically correctible primary source. The reported success rate ranges bet- 
ween 70%-90% [10, 11] and some consider percutaneous drainage - using multi- 
ple catheters - effective even in patients with multiple pyogenic liver abscesses 
[12]. 

As with any acute surgical disease the mortality rate is related to the severity 
of illness in the individual patient and his or her premorbid health. In a multiva- 
riate analysis Chou et al. [13] reported that age > 60 years, blood urea nitrogen 
> 20 mg/dl, serum creatinine > 2 mg/dl, total bilirubin > 2 mg/dl, and albumin 
<2.5 gm/dl, were independently significant factors predicting mortality in 352 
patients with pyogenic liver abscesses. 
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Amebic Liver Abscess 

Amebiasis occurs in subtropical and tropical climates, is associated with poor sa- 
nitation, and is more common in immunocompromised hosts. Liver abscesses 
complicate 3%-io% of cases of amebiasis. E. histolytica gains access to the host 
by oral ingestion of contaminated food or water. After digestion of the cyst, the 
trophozoites are released into the gastrointestinal tract and reach the liver via the 
portal system. Amebic liver abscesses are usually solitary, occur more common- 
ly in the right lobe, and are surrounded by a thin wall of compressed granulati- 
on tissue. The content of the abscess is described as resembling “anchovy paste.” 

The symptoms of amebic liver abscess are similar to those of pyogenic liver 
abscess, however, patients with amebic abscess tend to be younger and are more 
likely to have traveled to an endemic area [2, 14]. A history of diarrhea is present 
in 20%-30% of the cases. Abdominal pain, fever, hepatomegaly, and tenderness 
are the most frequent manifestations [15]. 

The diagnosis is confirmed by serologic testing. Indirect hemagglutination 
and gel diffusion precipitation are the most commonly used tests, and have 85%- 
95% sensitivity and specificity for detecting antibodies to E. histolytica [2]. The 
cysts of the protozoon are found in the stool in about one-fourth of the patients. 
US reveals a round or oval lesion with well-defined margins and lacking promi- 
nent peripheral echoes. CT features a low-density lesion with a smooth margin 
and a contrast-enhancing peripheral rim. 

Secondary infection is the most common complication of amebic liver abscess, 
occurring in io%-20% of patients. Abscesses located in the dome of the liver may 
rupture through the diaphragm, causing empyema, pleural effusion, or broncho- 
pleural fistula, and involve the pericardium in 4%-/% of cases. Abscesses located 
in the inferior surface tend to rupture into the peritoneal cavity (7%-ii%). 



Treatment 

The selection of treatment depends on the size of the abscess and the presence of 
complications (Diagram 1). Amebicidal drugs are the first line of treatment in un- 
complicated amebic abscess. Metronidazole, the drug of choice, is effective 
against both the intestinal and hepatic phase: 750 mg three times a day for 7-10 
days is recommended. Abscesses smaller than 5 cm in diameter respond well to 
metronidazole treatment. Larger abscesses require percutaneous needle aspira- 
tion. If needle aspiration combined with medical therapy fails, US or CT guided 
catheter drainage can be used [15]. Surgical open drainage may be indicated in 
complicated abscesses. But even in the case of free perforation into the peritone- 
al cavity, the pleura, or the pericardium, conservative treatment with an amebi- 
cidal drug has been recommended. Surgical drainage is indicated in patients with 
clinical evidence of peritonitis, however, the mortality increases significantly 
with laparotomy. 
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Hydatid Disease 

Hydatid disease is caused by Echinococcus granulosus and Echinococcus multi- 
locularis (alveolaris). The most common cause is E. gran w/osws, which is endemic 
in the Mediterranean, Middle East, and South America; but international migra- 
tion has led to the emergence of the disease in other countries as well. The liver 
is the most commonly involved organ, with hepatic disease occurring in 52%- 
77% of cases [16]. Liver cysts are generally asymptomatic; symptoms may occur 
secondary to a toxic reaction to the parasite, the local mechanical effects of the 
cyst (in turn dependent on the location and nature of the cyst), and complicati- 
ons such as rupture into the biliary tract, bronchi, or the peritoneal cavity, with 
resultant superinfection [17]. 



Diagnosis 

Pain in the right upper quadrant or the epigastrium is the most common symp- 
tom, while hepatomegaly and a palpable mass are the most common findings 
[18]. There is no single biochemical test that definitively establishes the diagno- 
sis of hydatid disease. In active disease specific immunoglobulin E (IgE) anti- 
bodies can be demonstrated by ELISA or radioallergosorbent test (RAST). The 
arc 5-antibody test is a specific immunoelectrophoretic precipitation test, and is 
positive in 91.1% of patients with hydatid disease [19]. 

Ultrasonography, with a specificity of 90%, is useful in defining the number, 
location, and internal structure of the cysts, and in detecting complications [20, 
21]. CT provides better information about the location and the depth of cysts in 
the liver parenchyma, and the presence of daughter and or exogenous cysts. MRI 
provides good structural details of the hydatid cysts, but does not provide addi- 
tional information beyond that gained by CT, and is thus not cost-effective [16, 22]. 



Treatment 

Treatment is instituted to prevent complications such as infection, rupture of the 
cyst to the adjacent structures, or anaphylaxis. Despite reports of good results 
with percutaneous drainage and progress in medical treatment, surgery is still 
the treatment of choice for hydatid cysts of the liver [18, 22-24]. The aim of sur- 
gery is source control, and that can be achieved by different methods. The objec- 
tives of surgical treatment are: 

• Inactivation of scolices 

• Prevention of spillage of cyst contents 

• Elimination of the viable elements of the cyst 

• Obliteration of the residual cystic cavity 

The spectrum of surgical procedures ranges from a radical resective approach 
(pericystectomy or hepatic resection) to a conservative approach (drainage or 
obliteration of the cavity, or both). Source control can be achieved by a radical 
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approach, but only with a risk of increased morbidity. Surgical management may 
be performed by either a laparoscopic or open approach. The nature of the cyst, 
presence of complications, and the general state of the patient govern the indi- 
cation for operative intervention. Small cysts (< 4 cm) located deep in the paren- 
chyma of the liver, if uncomplicated, can be managed conservatively, because of 
the difficulty in approaching them. 



Scolicidal Agents 

Various scolicidal agents have been used for inactivation of the cyst contents [25]. 
Hypertonic saline solutions (3%-20%) seem to be effective in our experience. It 
is essential to aspirate as much of the hydatid fluid as possible before injecting 
the scolicidal agent into the cyst, and then to wait an adequate time before ope- 
ning the cavity. Measures to prevent spillage of cyst contents should be taken. 
Based on experimental studies, we have advocated the prophylactic use of 
mebendazole or albendazole before any surgical procedure [26, 27]. Treatment 
modalities are given in Diagram 2. 



Radical Versus Conservative Surgery 

Both radical and conservative surgical approaches have been advocated. When a ra- 
dical resective procedure such as total cystectomy, pericystectomy, or liver resection 
is undertaken, all the objectives of the surgical treatment are met. Advocates of these 
methods claim that postoperative complications and recurrence rates are decrea- 
sed and that exogenous cysts are included within the resected material [22, 28]. De- 




Diagram 2. Management of hydatid cysts of the liver 
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spite these advantages, a number of surgeons believe that major extirpative proce- 
dures, especially liver resection, represent overtreatment of a benign disease [i8, 29- 
32]. Total cystectomy or pericystectomy should be reserved for peripherally located 
cysts and pedunculated cysts. Evacuation and obliteration of the cavity can be 
achieved by methods such as external or internal drainage, omentoplasty, capiton- 
nage, introflexion, or capsulorrhaphy. The cavity should be explored carefully for 
any gross communication with the biliary tract and for the presence of exogenous 
cysts embedded in the pericyst. In the presence of a major biliary tract communi- 
cation, common bile duct exploration and drainage may be indicated. Biliary fistu- 
las may develop, and are treated by sphincterotomy and/or nasobiliary drainage. 



Laparoscopic Approach 

The laparoscopic approach can be used for surgical treatment of hydatid cysts. 
Total excision of the cyst, unroofing, evacuation, and obliteration of the cyst 
cavity have been performed laparoscopically by various authors [33-35]* The 
laparoscopic approach has the advantage of being noninvasive, leading to a shor- 
ter hospital stay and reduced wound complications. Moreover, the cavity of the 
cyst can be examined in greater detail. The disadvantages of laparoscopic 
approach include a limited area for manipulation, difficulty in controlling spill- 
age during puncture, and difficulty in aspirating the thick, degenerated cyst con- 
tents, as with some Gharbi type III and IV cysts (Table 2). The location of the cyst 
and the presence of complications may render this method difficult in practice. 

Table 2. Gharbi’s classification 
Type I: Pure fluid collection 

Type II: Fluid collection with a split wall (Floating membrane) 

Type III: Fluid collection with septa (Honeycomb image) 

Type IV: Heterogeneous echo patterns 
Type V: Reflecting thick walls 



Percutaneous Treatment 

Percutaneous treatment of hydatid cysts of the liver has become more popular 
over the past decade. Mueller et al. were the first to report successful percuta- 
neous drainage of hydatid cysts [36], and several reports of good results were la- 
ter published [24,37,38]. Based on the results of experimental and clinical studies 
[23, 39], we recommend percutaneous treatment for uncomplicated type I, type 
II, and some type III lesions. 

We can conclude that the current treatment of hydatid cyst of the liver de- 
pends on the experience of the surgeon and the interventional radiologist. Based 
on our experience, we recommend percutaneous treatment for type I, II and 
some type III cysts, and surgical treatment of type IV and V cysts, unless they are 
completely calcified. 
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Invited Commentary 

Abe Fingerhut 



The authors have provided us with an overview of the problems related to liver 
abscess, whether pyogenic or parasitic in origin. They have emphasized the need 
for early and adequate diagnosis and work-up in order to make the least aggres- 
sive yet most effective means of treatment for the benefit of the patient. 



Pyogenic Abscess 

Source control, combined with proper antibiotic therapy, is the mainstay of 
treatment of uncomplicated (nonruptured) liver abscesses. The authors have 
reminded us of the changing etiologic patterns of liver abscesses over the last 
decades, with biliary tract disease having replaced disease in the distal portal 
system as the leading cause. Hepatobiliary and pancreatic cancer pose the problem 
of their proper treatment in the face of infection. Occasionally, these abscesses are 
secondary to chemotherapy (especially chemoembolization) and/or “mini-inva- 
sive” techniques (radiofrequency) which provoke tumor necrosis. Also high on 
the list are infections secondary to indwelling stents, which explains the changing 
bacteriologic spectrum encountered [1]. Another cause we see not exceptionally is 
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posttraumatic abscesses secondary to devascularized segments of the liver, especi- 
ally after nonoperative treatment [2]. Abscesses secondary to these, as well as other 
chronic causes treated by occasionally long-term, broad-spectrum antibiotics, may 
also explain the presence of fungi in some abscess cultures [1]. 

While percutaneous techniques offer an excellent alternative to open surgery, 
the two techniques have specific indications. Percutaneous drainage, combined 
with antibiotherapy should be the initial, and hopefully, the only management ne- 
cessary in the majority of cases. Multiple, chronic, and/or abscesses having dest- 
royed part of the parenchyma seem to be the exception to this rule, perhaps ex- 
plaining why operative mortality is still high in this setting. Laparoscopic surgery 
may have a role to play here. Surgery should be avoided in the critically ill patient 
(septic shock, organ failure), in the elderly, immunocompromized patient, or in 
the patient with coexistent cancer. Multiple abscesses secondary to biliary tract 
obstruction can usually be managed successfully by drainage of the biliary tract 
proximal to the obstacle since most, if not all, abscesses communicate with the bi- 
liary tract. This can be accomplished either endoscopically or laparoscopically. 

Causes of failure of percutaneous drainage include early (inadvertent) drain 
removal, obstruction due to necrotic material, displacement of the intra-abdo- 
minal extremity of the drain when large, voluminous cysts collapse, and com- 
munication with the biliary tract (requiring prolonged drainage). 



Parasitic Abscess 

Amebic abscesses can be treated initially, and often solely, by antibiotics; further 
surgical drainage is rarely indicated. We agree with the authors that in hydatid di- 
sease, Gharbi types I, II, and some III and IV cysts can be treated either percuta- 
neously or laparoscopically [3]. A residual cavity or biliocystic fistula after unroof- 
ing surgery for hydatid disease, or difficulties in controlling bleeding and bile 
leaks from the hepatic parenchyma after pericystectomy, can lead to associated 
blood and/or bile collections, which serve as potential sources of deep suppura- 
tion and persisting bile leaks [4]. 

Among the adjunctive measures after surgery, special reference should be made 
to the only multicenter, large-scale randomized trial on the use of omentoplasty. 
In a randomized controlled trial conducted by the French Associations for Sur- 
gical Research [5], 53 of 115 consecutive patients (51 males and 64 females, 
mean age 42±i6 years, range 10-80 years) with previously unoperated uni- or 
multilocular hydatid disease of the liver had purulent or puriform contents in 
their cyst(s). Deep abdominal complications developed in 2/28 patients treated 
by omentoplasty compared with 7/25 who did not undergo omentoplasty. 

In conclusion, rather than basing the rationale for the percutaneous or surgi- 
cal route on patient operative risk, we prefer to begin by percutaneous drainage 
of the abscess combined with antibiotics, even when the underlying cause can be 
cured by surgery. Laparoscopy is the second line of treatment, with surgery being 
reserved for failures. However, here patient status is of prime importance, for 
morbidity and mortality certainly increase when traditional surgery has been 
chosen. 
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Editorial Comment 

The role of surgeons in the management of pyogenic, amoebic, and hydatid liver 
lesions is decreasing, as combined medical and percutaneous therapies become 
more effective. Surgeons are usually called to deal with complications of such ab- 
scesses and with the underlying causes, or when the nonoperative therapies fail. 

The contributors Prof. Sayek and Dr. Onat, as well as commentator Dr. Abe 
Fingerhut, agree that less is usually better. Start with conservative therapy as ap- 
propriate, then percutaneous management; next comes the laparoscopic option 
(selectively), and finally the open surgery. The latter also should be as conserva- 
tive as possible, and resective-radical procedures for hydatid cysts are rarely in- 
dicated. 

A possible improvement in the laparoscopic management of hydatid disease 
was recently reported by Bicker at al. [1] who managed 31 patients for 52 sympto- 
matic hydatid cysts located in the liver (49), spleen (1), and pelvis (2). Seven cysts 
were subdiaphragmatic and six were on the posterior aspect of the liver. Eleven 
patients underwent surgery for 2-5 cysts; mean cyst diameter was 8.4 cm. The 
main surgical maneuvers (puncture, parasite neutralization, and complete eva- 
cuation) were performed through an assembled transparent cannula, in which a 
vacuum was created, while its tip adhered firmly to the cyst wall. The evacuation 
of the cyst contents was followed by partial pericystectomy, omentoplasty, and 
closed-suction drainage. Mean postoperative follow-up was 49 months. Forty- 
one cysts contained live parasites, and 11 were secondarily infected. Complicati- 
ons occurred in five patients, including one who died 1 month after surgery from 
Candida sepsis. Mean hospital stay was 6 days. No evidence of recurrence was 
recorded during follow-up. 
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1 9 Acute Mesenteric Ischemia 

Daniel P. Raymond, Addison K. May 



Key Principles 

• Maintain a high degree of suspicion: the primary goal is diagnosis prior to 
bowel infarction - a complication that carries a mortality of up to 90% [1 , 2]. 

• Aggressive use of angiography to make the correct diagnosis and plan surgical 
intervention appropriately. 

• Restoration of bowel perfusion requires not only surgical intervention but also 
aggressive use of invasive monitoring to assure adequate resuscitation. 

• Following resection of devitalized bowel, make a plan for a second-look proce- 
dure based on the appearance of the bowel. 



Etiology 

Although there are a multitude of possible causes of acute mesenteric ischemia, 
over 95% of cases can be classified into one of four groups 

• Arterial embolism (50%) 

• Arterial thrombosis (25%) 

• Nonocclusive mesenteric ischemia (NOMl) (20%) 

• Mesenteric venous thrombosis (MVT) (<5%) 

Acute arterial embolism most commonly originates from the heart as a result of 
atrial fibrillation, recent myocardial infarction, or valvular heart disease. Evi- 
dence of an embolic origin mandates an aggressive search for the source and 
therapy to decrease recurrence risks. Acute arterial thrombosis is usually asso- 
ciated with a preexisting stenosis, and patients will often have a history consi- 
stent with chronic mesenteric ischemia, for example weight loss, postprandial 
pain, and food fear [3], as well as a history of disseminated peripheral vascular 
disease. The pathogenesis of NOMI is complex, and felt to be related to several 
factors including selective vasoconstriction of the splanchnic circulation se- 
condary to shock, ischemia-reperfusion injury, increased gut metabolic de- 
mand, and bowel distension. Mesenteric venous thrombosis is a relatively un- 
common cause of splanchnic ischemia and etiologically is divided into primary 
and secondary MVT. Primary MVT is defined as spontaneous, idiopathic throm- 
bosis, whereas secondary MVT is a result of a known condition that predispo- 
ses the patient to venous thrombosis - for example, hypercoagulation syn- 
drome, cirrhosis, or cancer. The clinical presentation of mesenteric ischemia in 
general is vague and subtle, and differentiating the various etiologies is often 
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challenging. (Table i). Crampy abdominal pain that is frequently described as 
“pain out of proportion to exam,” nausea, vomiting, diarrhea, guaiac positive 
stools, peritoneal signs, fever, and shock are all possible presenting symptoms 
of a disorder whose clinical spectrum ranges from bowel ischemia to frank 
necrosis. Laboratory abnormalities are similarly nonspecific, and may include 
leukocytosis, metabolic acidosis, elevated lactate, elevated liver enzymes, and 
hyperamylasemia. Similarly, biochemical abnormalities may be absent or may 
occur late in the course. Because of the subtle presentation and the high morta- 
lity associated with delayed recognition of acute mesenteric ischemia, the diag- 
nosis must be considered in all patients with risk factors and acute abdominal 
pain. 



Table 1. Differentiating causes of acute mesenteric ischemia by presentation 



Etiology 


Presentation 


History 


Examination 


Arterial embolism 


Abrupt onset 
epigastric pain 


Evidence of 
embolic source 


Pain out of 
proportion to 
physical exam 




Evidence of 
concurrent 
embolic events 


Atrial fibrillation 








Recent myocardial 
infarction 
Valvular heart 
disease 

Prior embolic events 




Arterial thrombosis 


Insidious onset 
epigastric pain 


History of chronic 
ischemia 

Weight loss 

Postprandial pain 
Food fear 
History of diffuse 
vascular disease 


Pain out of 
proportion to 
physical exam 
Evidence of diffuse 
vascular disease 


Nonocclusive 
mesenteric ischemia 


Profound shock 

Exposure to 
splanchnic 
vasoconstrictors 
(e.g., digitalis, 
a-adrenergic agents) 


Elderly ICU patient 


New onset 
abdominal 
distension in 
sedated patient 


Mesenteric Venous 
Thrombosis 


Insidious onset 
epigastric pain 


Hypercoagulable state 


Nonspecific 




Prolonged symptoms 
prior to presentation 
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Radiologic Evaluation 

Radiologic evaluation usually begins with a plain abdominal radiograph for a 
patient with abdominal pain. Although radiographs are of limited utility in the 
diagnosis of mesenteric ischemia, findings suggestive of mesenteric ischemia in- 
clude bowel wall thickening, “thumb-printing”, pneumatosis intestinalis, and 
portal vein gas. Completely normal radiographs, however, have been reported in 
up to 25% of patients with mesenteric ischemia/infarction [4, 5]. 

Currently the gold standard for diagnosis of acute mesenteric ischemia is 
angiography. When there is a high index of suspicion for mesenteric ischemia, 
angiography should not be delayed by other radiologic examinations. Angiogra- 
phic findings are summarized in Table 2. 



Table 2. Angiographic findings with acute mesenteric ischemia 



Etiology 


Findings 


Arterial embolism 


Round, smooth filling defect 3-10 cm distal to the origin 
of the SMA 


Arterial thrombosis 


Irregular obstruction at the SMA orifice often associated 
with collateralization and extramesenteric disease 


Nonocclusive mesenteric 
ischemia 


Diffuse narrowing of the SMA and branches, alternating 
arterial dilatation and narrowing (“string-of-sausages sign”), 
a pruned arterial tree, impaired filling of intramural vessels 


Mesenteric venous 
thrombosis 


Venous phase thrombus (poor sensitivity) 



Computed tomography (CT) may demonstrate mesenteric ischemia and is an ex- 
cellent means of evaluating other pathology. CT findings associated with mesen- 
teric ischemia include mural thickening, pneumatosis intestinalis, arterial or ve- 
nous thrombosis, focal lack of bowel-wall enhancement, and portal venous gas. 
In a retrospective study of patients with mesenteric ischemia, Smerud et al. [4] 
reported that 39% of patients had CT findings specific for mesenteric ischemia. 
Furthermore, 65% had evidence of ischemia when both radiographs and CT we- 
re combined. Conversely, 35% of patients with documented intestinal infarction 
had nonspecific study results (radiograph and CT). Yet, with the rapid advances 
in CT technology, this modality may play an increasing role in the evaluation of 
suspected arterial ischemia. In contrast to arterial disease, CT is the diagnostic 
test of choice in the evaluation of mesenteric vein thrombosis and is diagnostic 
in 70%-ioo% of cases [6, 7]. CT findings consistent with the diagnosis include 
portal, mesenteric, and splenic vein thrombosis, dilated collaterals, mural thicke- 
ning, and pneumatosis intestinalis. MRI and duplex ultrasonography may also 
play increasing roles in the future, however, current use for diagnosis of acute 
mesenteric ischemia is of limited value. 
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Early Management 

The primary goal of treatment of mesenteric ischemia is restoration of perfusion 
to prevent or limit bowel infarction. Management begins with fluid resuscitation, 
nasogastric decompression, optimization of hemodynamic parameters, and 
identification and elimination of any precipitating factors (e.g., withdrawal of 
splanchnic vasoconstrictors). If the patient has peritoneal signs and there is a 
high suspicion of mesenteric ischemia, most surgeons advocate immediate sur- 
gical exploration. There is controversy, however, over the use of preoperative an- 
giography before peritoneal signs develop. Many authors advocate the use of an- 
giography preoperatively if the patient is stable and services are readily available 
[2, 8-11] in order to make an anatomic diagnosis and direct appropriate therapy. 
As part of initial management, broad-spectrum antibiotics with adequate cover- 
age of coliform species and anaerobes should be instituted. Although there are 
no clinical trials which support this view, it is widely accepted that mesenteric 
ischemia causes a breakdown in the intestinal mucosal barrier and results in 
endotoxemia and bacterial translocation [12-16]. 

In those patients with arterial embolus or thrombosis, surgical intervention is 
required for the restoration of perfusion. If the diagnosis of embolic acute me- 
senteric occlusion is made by angiography, immediate laparotomy and embolec- 
tomy is indicated. Most authors advocate embolectomy using a Fogarty catheter 
via a transverse arteriotomy in the proximal superior mesenteric artery after sy- 
stemic heparinization [2, 5, 17] . The treatment of acute thrombotic mesenteric ar- 
terial occlusion requires immediate revascularization. Opinions differ regarding 
the most appropriate procedure to perform in this setting and no single technique 
has been shown to be clearly superior. At present other means of addressing 
emboli or thrombosis, including thrombolysis and angioplasty, are considered 
experimental. 

Nonocclusive mesenteric ischemia (NOMI) and mesenteric venous thrombo- 
sis (MVT) are managed medically in the absence of peritoneal signs. Initial 
treatment of NOMI consists of selective infusion of splanchnic vasodilators via 
an angiographically placed catheter. Kaleya et al. [9] recommend continuous 
infusion of papaverine at 30-60 mg/h. The patient should be monitored in an in- 
tensive care unit for hypotension, which may be a sign of catheter dislodgment 
(papaverine infused in the SMA is mostly cleared by hepatic first pass) or clini- 
cal deterioration. Initial treatment of MVT includes immediate heparinization 
and intensive care unit monitoring. Subsequent therapy, however, is controversi- 
al. Successful venous thrombectomy has been described but, because recurrence 
rates are high, most authors recommend thrombectomy only when fresh clot is 
localized to the proximal superior mesenteric vein [7, 18]. Thrombolytic therapy 
has been reported to be successful for the treatment of MVT, either alone or in 
combination with venous thrombectomy. A diagnostic work-up to detect a hy- 
percoagulable state should be undertaken and lifelong anticoagulation should be 
considered. Regardless of the diagnosis, if the patient develops peritoneal signs 
or deteriorates clinically immediate celiotomy is indicated. 
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Assessment of Bowel Viability 

After blood flow has been restored the next step is to assess bowel viability and 
resect nonviable portions. A final decision regarding viability should not be made 
until perfusion to the bowel has been optimized by aggressive resuscitation and 
patient warming has been accomplished in order to prevent vasospasm 
resulting from hypothermia or hypoperfusion. Some authors advocate waiting 
20-30 min after revascularization prior to assessing viability, and the use of in- 
traoperative, selectively infused papaverine to diminish vasospasm [17, 19]. Once 
perfusion has been optimized, the evaluation of viability begins with examination 
of the bowel. Clinical criteria, including color, arterial pulsation, and peristalsis 
are important factors for determining viability. There is, however, no consensus 
regarding the accuracy of clinical criteria alone for assessing viability. Some 
studies report accuracies as high as 85%-90% [20], while others report rates closer 
to 50% [21]. This discrepancy may be explained by a study by Bulkley et al. [22] 
who found that clinical judgment is 89% accurate but leads to the resection of 
more bowel than necessary in 46% of patients. 

Clinical criteria for assessing bowel viability are notoriously inaccurate, how- 
ever, several diagnostic tests can aid the surgeon in evaluating viability and 
limiting the extent of resection. Of these tests only fluorescein injection with 
Wood’s lamp examination and Doppler ultrasound studies have found clinical 
acceptance [23]. The former test is performed by the slow intravenous injection 
of 1 gram of sodium fluorescein, following which the exposed bowel is illumina- 
ted with a Wood’s lamp. Areas of nonfluorescence greater than 5 mm in diameter 
suggest nonviable bowel [2]. It is important to note that this study can only be 
performed once in a 48-h period. Several small studies have shown fluorescein 
testing to be superior to clinical judgment or Doppler ultrasound in cases of ar- 
terial pathology [22, 24, 25]. Although early experience with Doppler ultrasound 
appeared promising, clinical studies have failed to reveal any value of ultrasound 
over clinical judgment [21, 22] in the assessment of intestinal viability. Laser 
Doppler flowmetry (LDF), a newer technique for assessing viability, has met with 
early success. 

"Second-Look" Procedures and Restoration of Continuity 

Once bowel viability has been evaluated and infarcted bowel resected, the next 
critical decision is whether to restore bowel continuity. This decision should be 
based on the perfusion status of the bowel margins, the stability of the patient 
and the presence of peritonitis/suppuration [2]. Inadequate perfusion of the su- 
ture line and the presence of inflammation and suppuration greatly increase the 
risk of anastomotic leak. In the case of uncertainty, postponing reanastomosis is 
most prudent with planned reoperation after stabilizing the patient. Because in- 
traoperative assessment of bowel viability is imperfect, it has become common 
practice to perform a second-look operation. There are varying opinions in the 
literature regarding the indications for a second-look procedure. A reasonable 
approach advocated by many authors [8, 17, 18, 26, 27] is to make a decision for a 
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second-look operation based on the appearance of the bowel at the initial lapa- 
rotomy. Waiting for clinical deterioration may put a patient at unnecessary risk 
as prognosis is directly related to length of ischemia. A more liberal use of se- 
cond-look procedures is advocated for cases of mesenteric venous thrombosis in 
which bowel viability is exceptionally difficult to evaluate [28]. 



Postoperative Management 

Postoperative management includes invasive hemodynamic monitoring, naso- 
gastric decompression, optimization of volume status, correction of acid/base 
and electrolyte abnormalities, and antibiotic therapy. As mentioned previously, 
the use of broad-spectrum antibiotics has not been rigorously tested in this pa- 
tient population. Surgical Infection Society guidelines suggest that the length of 
postoperative antibiotics be dictated by the degree of contamination encounte- 
red during surgery [29]. If no contamination is found then 48 h of postoperative 
antibiotics is adequate (see Chap. 3). If peritoneal contamination is encountered 
then the duration of antibiotic therapy is lengthened to 3-5 days. Others have re- 
commended further shortening treatment in cases of uncomplicated ischemic 
bowel to 24 h postoperatively [30]. Broad-spectrum regimens which cover coli- 
form species and anaerobes are indicated [29,30] and nosocomial pathogens/an- 
tibiotic resistance should be considered in those patients with significant prior 
antibiotic exposure or prolonged hospital stays (>4 days). There are no data to 
support the empiric use of antifungal agents. Certain patients, for example those 
with known significant fungal colonization, long-term alkalinization of the 
stomach, or broad spectrum antibiotic exposure for more than 1 week, however, 
may benefit from empiric therapy until culture results return. In cases that are 
managed nonoperatively, short-term, empiric, broad-spectrum antibiotic cover- 
age (24-48 h) may be beneficial. 

Currently, selective papaverine infusion remains the treatment of choice for 
reducing postoperative vasoconstriction. Data supporting its efficacy have been 
derived from animal models [31-33] and anecdote, although no randomized cli- 
nical trials have been performed. Since there is evidence of continued vasospasm 
despite restoration of mesenteric flow, it may be reasonable to use papaverine in- 
fusion postoperatively (as described in management of NOMI) until angiogra- 
phic evidence of restored splanchnic blood flow has been obtained. If a second- 
look procedure is planned it is reasonable to administer papaverine until a 
second evaluation of the bowel is made and bowel viability is assured. 



Conclusion 

The mortality rate of acute mesenteric ischemia remains high. The jo%-90% 
mortality encountered commonly in the seventies has declined in some series to 
40%-50% using aggressive treatment regimens, including early and aggressive 
use of angiography and vasodilator therapy, however, these results are not wide- 
spread. The key to improving survival is early diagnosis; more than 90% of 
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patients with mesenteric ischemia diagnosed prior to the presence of peritonitis 
will survive. A high degree of suspicion, aggressive use of angiography and 
vasodilator therapy, timely surgical intervention, and participation in well- 
designed studies provides our best chance at improving outcomes for such criti- 
cally ill patients. 



Suspicion of mesenteric ischemia 



Begin resuscitation: 

Optimize hemodynamic parameters, nasogastric 
decompression, eliminate precipitating factors 
(e.g. splanchnic vasoconstrictors) 



Radiologic evaluation 



Mesenteric angiography 

i 



Embolism t or 
Thrombosis 



i 



Restoration of 
perfusion 

i 

Surgical 

(e.g. embolectomy or 
bypass) 

i 

Assessment of bowel viablility 
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Anticoagulation 



CT scan 

(only if MVT suspected) 

i 

NOMir MVTt 

X 
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Determine etiology and 
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t Determine and address primary etiology (e.g. embolic source, hypercoaguable disorder, etc.) 



Diagram i. Algorithm for management of acute mesenteric ischemia 
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Invited Commentary 

Asher Hirshberg 



Acute mesenteric ischemia (AMI) presents a special challenge to the surgeon 
because the gut is especially vulnerable to acute ischemia, with a very narrow 
window of opportunity for salvage before irreversible tissue loss ensues. Both 
ischemia and reperfusion injury probably play a role in AMI. The key events are 
loss of the gut mucosal barrier function, leading to endotoxemia with bacterial 
translocation into the portal and systemic circulation, and a systemic inflamma- 
tory response that leads to remote organ dysfunction. The goals of source con- 
trol for AMI are therefore urgent restitution of the intestinal blood supply and 
removal of nonviable bowel. 



Clinical Contexts 

Since the clinical presentation of all forms of acute mesenteric insufficiency is 
acute but nonspecific abdominal pain, a high index of suspicion as advocated by 
Drs. Raymond and May is not enough. This suspicion must be targeted towards 
identification of clinical contexts in which mesenteric ischemia is likely to deve- 
lop. For example, in patients with superior mesenteric artery (SMA) embolism a 
source of emboU (such as atrial fibrillation or angiographic procedures in the 
proximal aorta) can usually be demonstrated. SMA thrombosis typically occurs 
in patients with evidence of atherosclerotic disease in other arterial systems, and 
a history of chronic postprandial abdominal pain and significant weight loss can 
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be elicited in about 50% of these patients. Nonocclusive mesenteric ischemia ty- 
pically occurs in the critically ill patient in an intensive care unit setting. Abdo- 
minal pain is frequently absent, vague or difficult to elicit. Unexplained clinical 
deterioration, abdominal distention, and especially progressive metabolic acido- 
sis are often the only clues. While a history of portal hypertension or a hyper- 
coagulable state may point to the possibility of mesenteric venous thrombosis, 
this uncommon condition is either diagnosed by CT scan (performed for another 
presumptive diagnosis), or more commonly during laparotomy. 



Ischemic Colitis 

The most common form of AMI that was not addressed by Drs. Raymond and 
May is ischemic colitis, which involves the smaller arteries of the large bowel. The 
precise pathophysiology of this condition remains unclear. The clinical context 
is typically an elderly patient with a recent onset of “colitis”-like symptoms and 
signs. Mild ischemic colitis is a nontransmural disease that presents with bloody 
diarrhea and abdominal pain. It usually resolves with nonoperative manage- 
ment. The most severe degree of ischemic colitis is transmural necrosis of the 
colon with peritonitis. An intermediate form of the disease, while not resulting in 
perforation, can lead to fibrosis and stricture formation, or to a persistent colitis 
that requires resection. Ischemic colitis is diagnosed by colonoscopy. 



Management Algorithm 

The management algorithm proposed by Drs. Raymond and May calls for radio- 
logical evaluation of all patients with AMI. In our view, when a patient presents 
with unequivocal signs of peritonitis, time should not be wasted on radiological 
studies that will not change the decision to operate. Instead, the next step in the 
algorithm for these patients (following appropriate fluid resuscitation and empi- 
rical antibiotics) should be a laparotomy. In all forms of AMI, peritonitis is a 
late sign that usually indicates the presence of transmural bowel infarction. 



A "Major Trap" 

The angiographic distinction between acute and chronic SMA thrombosis in a 
patient with acute abdominal pain is a major trap. Chronic ischemia is usually 
marked by well-developed collaterals with retrograde filling of the SMA beyond 
the occlusion, whereas in acute occlusion there is extensive nonfilling of the 
distal intestinal arteries beyond the occlusion. This distinction is of critical im- 
portance because, while AMI is an indication for an urgent laparotomy, chronic 
occlusion is not. Instead, a diligent search for another cause of acute abdominal 
pain is indicated. 
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The Operation 

The etiology of AMI becomes obvious at laparotomy. An SMA embolus typically 
lodges distal to the takeoff of the middle colic artery, sparing the proximal jeju- 
nal branches. A minor peripheral embolus may result in only a short segment of 
ischemic gut. SMA thrombosis causes global midgut ischemia, which extends 
from the ligament of Treitz to the midtransverse colon. In nonocclusive mesen- 
teric ischemia, bowel segments that have suffered varying degrees of insult alter- 
nate with nonischemic segments. In mesenteric vein thrombosis the bowel and 
mesentery are swollen, cyanotic and edematous, and the mesenteric arteries are 
pulsatile. 

When Fogarty thrombectomy of the SMA does not restore inflow, a bypass 
graft must be constructed. For emergency mesenteric revascularization our pre- 
ference is a quick and simple option such as a retrograde bypass from the right 
common iliac artery or the infrarenal aorta. 

The central goal in bowel resection for AMI is to remove irreversibly ischemic 
intestine without removing segments that may be salvaged. The principle of 
planned reoperation (or '‘second-look” laparotomy), as discussed by Drs. 
Raymond and May, is the key to conserving bowel length. We use the planned re- 
operation principle for virtually every patient with AMI regardless of the under- 
lying etiology. 

The management of patients with nonocclusive mesenteric ischemia is fre- 
quently very frustrating. The principal modality is angiographic intra-arterial 
vasodilator (papaverine) infusion as advocated by Boley et al., and the algorithm 
is based on the patient's clinical response to this therapy in conjunction with 
repeat angiograms to document resolution of the arterial spasm. In clinical prac- 
tice, these patients are critically ill and heavily sedated, and it is therefore not pos- 
sible to base decisions on the presence or resolution of abdominal pain. Since 
transfer of a critically ill patient to the angiography suite is a complex and dan- 
gerous undertaking, follow-up angiograms to document resolution of the arterial 
spasm are also seldom a practical option. Instead, the surgeon will often find that 
improvised measures such as a bedside laparotomy in the ICU to assess 
bowel viability are less risky alternatives to the “classical” algorithm. 

The very high mortality rate (approximately 50%) of patients with nonocclu- 
sive mesenteric ischemia reflects both the grave condition of these patients and 
the sequelae of significant delays in diagnosis. 
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Editorial Comment 

Moshe Schein 



AMI is still a highly lethal condition. In a recent study from Scotland, 46 out of 
57 (80%) patients suffering from acute mesenteric arterial ischemia died; only 
18(32%) were accurately diagnosed before operation or death [1]. A recent review 
of the results from a teaching hospital in New York showed a mortality rate of 
90% (unpublished results). Whether “early and aggressive” angiographic thera- 
py with vasodilators, as advocated more than 20 years ago by Boley et al. [2], im- 
proves outcome is unknown. We do not know about anybody else who published 
significant clinical experience to validate Boley’s results. 

In order to improve results, Drs. Raymond and May, and the commentator Dr. 
Hirshberg, stress the following: 

• To suspect/consider ischemia before intestinal gangrene develops 

• To proceed with diagnostic/therapeutic angiography 

• To revascularize the bowel during laparotomy 

• To execute “second-look” operations 

That these recommendations are considered the “standard of care” reflects the fact 
that AMI is a relatively common reason for malpractice claims, based on an alle- 
ged failure to make a timely diagnosis, failure to provide anticoagulant protection, 
and failure to prevent nonocclusive ischemic infarction being the basis [3]. 

The authors and the commentator did not mention that the creation of “osto- 
mies” in lieu of an anastomosis might be advantageous in selected patients - par- 
ticularly after a massive bowel resection. Observing the pink stomas may obvi- 
ate the need for a relaparotomy and spare the survivor an intractable diarrhea. 
They also did not mention the option of angiographic thrombolysis in acute em- 
bolic mesenteric arterial ischemia. This, as published in isolated case reports [4], 
may be possible and successful in early cases and in the absence of peritoneal 
signs. 

That raised intra-abdominal pressure, often caused in these patients by the 
swollen ischemic bowel and the associated colonic ileus, significantly decreases 
mesenteric blood flow has been well documented. Thus, it may be beneficial to 
leave the abdomen open (i.e., laparostomy) during the period leading to the se- 
cond-look laparotomy. 



John Marshall 



Ultrasonography can assist in the diagnosis of mesenteric venous thrombosis: 
marked thickening of the bowel wall from venous congestion, and the absence of 
peristalsis are characteristic findings. 
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Second-look laparotomy is an invaluable adjunct in the resolution of diagno- 
stic uncertainty; it is most useful in patients whose cause of intestinal ischemia 
is NOMI, mesenteric venous thrombosis, or arterial thrombosis. Ischemia from 
acute inflow occlusion by an embolus or an adhesive band generally results in a 
sharp demarcation between viable and nonviable bowel. 

Dr. Hirshberg draws attention to a commonly missed cause of acute mesente- 
ric ischemia - embolization of plaque or thrombus during an angiographic in- 
vestigation. Left colon ischemia following aortic aneurysmectomy (particularly 
for a ruptured aneurysm) is relatively common, and a consequence of ligation of 
the inferior mesenteric artery. This diagnosis should be kept in mind in the 
patient who has recently undergone aortic surgery. 
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20 The Esophagus 

Jaime Escallon, Maria Fernanda Jimenez 



Key Principles 

• Early diagnosis and appropriate use of diagnostic imaging 

• Use of broad-spectrum antibiotics 

• Early diagnosis - within 24 h (no associated esophageal diseases) = primary 
repair 

• Delayed diagnosis - debridement and drainage, reinforced primary repair or 
exclusion and diversion 

• Cancer, megaesophagus, caustic stenosis: one stage esophagectomy with im- 
mediate or delayed reconstruction 

• Adequate postoperative drainage 

• Early nutritional support 



General Approach 

The most common indication for source control in infections of the esophagus 
is mediastinitis secondary to esophageal perforation. Primary infections are rare 
in healthy persons, however, Candida^ herpes simplex virus, and cytomegalo- 
virus infections may occur in patients with compromised host defenses. Unlike 
secondary infections, these infections rarely need surgical intervention. 

Esophageal perforation is a life-threatening condition that requires urgent 
diagnosis and management. Principles guiding source control methods in the 
management of patients with esophageal infections are often anecdotal, confu- 
sing, and poorly articulated. Thus, the physician must tailor therapy to an often- 
unique clinical situation based on limited experience and a paucity of solid scien- 
tific evidence. 

Iatrogenic injury secondary to instrumentation is the most common cause of 
esophageal perforation, followed by ingestion of foreign bodies, postemetic tear 
(Boerhaave’s syndrome), penetrating injuries, blunt trauma, caustic ingestion, and 
postoperative anastomotic leakage. The reported incidence of perforation during 
rigid esophagoscopy is 0.11%; whereas for fiberoptic endoscopy reported rates vary 
from o.oi 8 %-o. 03%, related to a difficult intubation, inexperienced operators, and 
patients with distorted anatomy. The presence of underlying esophageal disease 
such as carcinoma or benign stricture increases the risk of perforation. Therapeu- 
tic endoscopy is associated with higher incidence of perforation (o.9%-ii%). 

Infections secondary to esophageal perforation are typically polymicrobial, 
and yield Gram-negative, Gram-positive, aerobic, and anaerobic pathogens, as 
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well as yeast. Streptococcus, Pseudomonas, and Candida are the most commonly 
cultured organisms. 



Critical Factors and Decision Making 

Several factors that influence outcome have been identified: 

• Time to diagnosis 

• Anatomic location 

• Extent of local inflammation 

• Status of residual esophagus 

• Underlying esophageal disease 

• The age and condition of the patient (as in any surgical emergency) 

Early in the course of the disease clinical manifestations are often absent, leading 
to diagnostic delays in almost 50% of the patients, and resulting in increased 
mortality and morbidity. As a result, some propose that surgical exploration is 
justified in patients with a high clinical suspicion of perforation, despite normal 
radiological and endoscopic studies. The overall mortality associated with eso- 
phageal perforation ranges from 26% to 45%, and increases dramatically when 
appropriate treatment is delayed [1-3]. According to Blichert-Toft, patients ope- 
rated on within 12 h of perforation had a mortality of 22%, and within the next 
12 h, 36%, whereas the mortality rose to 64% if the treatment was delayed beyond 
24 h. Nonoperative management resulted in an 80% rate of mortality while 
primary repair reduced mortality to 34% [4]. 

The mortality for patients under the age of 60 is significantly lower (2%) com- 
pared to that for patients aged 60 and over (33%). Cervical perforations have a 
more favorable outcome, probably because they are diagnosed earlier, are less 
likely to be associated with mediastinitis and are easier to treat. Perforations of 
the middle third of the esophagus (47%) and distal esophagus (59%) are asso- 
ciated with a higher mortality [5]. 

The presence of tight reflux stricture, megaesophagus, caustic stenosis, and 
esophageal carcinoma are unfavorable conditions for a successful repair. A 
mortality rate of 23% was reported in patients with perforations associated 
with intrinsic esophageal disease, whereas only 4% of patients died if the eso- 
phagus was normal [6]. However, others [5] have reported that overall survival 
was not significantly influenced by the presence of underlying esophageal 
disease. The history of primary esophageal disease, however, clearly influences 
management. 



Management Options 

The goal of source control in esophageal perforation is to control the ongoing 
contamination of the periesophageal tissue planes, to perform adequate media- 
stinal debridement, and to achieve wide drainage of the esophagus and the in- 
fected tissues. Treatment options range from nonoperative therapy in selected 
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patients to immediate esophagectomy in others. The optimal approach remains 
controversial. 

Nonsurgical therapy without drainage includes parenteral nutrition, broad- 
spectrum intravenous antibiotics, and gastric decompression. Oral intake can be 
resumed after from 15 to 52 days [7] , as guided by a contrast esophagogram to do- 
cument healing (see “Controversies”). 

Primary closure consists of exploration of the region of perforation (cervical, 
thoracic, or abdominal), identification and debridement of the necrotic muscle 
and mucosa, and approximation of the esophageal wall layers with nonabsorba- 
ble or absorbable sutures - in one or two layers [8-10]. Appropriate drainage is 
mandatory. Reinforcement of the primary repair can be accomplished with a pe- 
dicle flap of the pleura, muscle pedicle (diaphragm, latissimus dorsi, sternoclei- 
domastoid), intercostal muscle, pericardial fat, or gastric fundus [9, 11, 12]. 

Reinforced primary repair has been advocated in early and late esophageal 
perforations to decrease the occurrence of fistula. The incidence of fistula after 
reinforced repair for patients with thoracic esophageal perforation repaired with- 
in 24 h decreases to 13% [13]. When the surgical procedure is delayed the local 
inflammatory reaction makes a technically satisfactory suture difficult. Pedicle 
flaps of pleura, intercostal muscle, pericardial fat, or gastric fundus - sutured 
firmly over the area of perforation and around its margins - have all been ad- 
vocated [9, 12, 14]. Bringing a vascularized pedicle into a potential ischemic area 
can help to prevent tracheoesophageal fistula formation, especially in injuries 
due to high-velocity missiles [15]. 

Debridement and drainage of the region of perforation may be used when 
local inflammatory reaction precludes closure; this approach may be combined 
with an indwelling nasoenteric tube, feeding gastrostomy, or jejunostomy [3]. 

Diversion of the esophagus is accomplished by a side or end cervical esopha- 
gostomy, drainage of the thoracic esophagus, and complete occlusion or division 
of the esophagogastric junction; a feeding gastrostomy is created for nutritional 
support. The perforated esophagus is left in situ and gastrointestinal continuity 
reestablished after the perforation has healed [16]. 

Irrigation and drainage: Santos and Prater [17] advocated this technique for late 
esophageal perforations. After operative debridement, or under CT guidance, a 
chest tube is positioned at the site of perforation. Saline solution is continuously 
introduced through nasogastric tube proximal to perforation. The adequacy of 
drainage is documented by esophagoscopy or esophagography. 

Esophagectomy of the perforated thoracic portion of the esophagus as initial 
treatment can be accomplished by a left thoracotomy or transhiatal approach. 
After resection, a cervical esophagostomy and closure of the cardia with feeding 
gastrostomy can be performed. Primary anastomosis or esophagogastrostomy 
are alternatives described to achieve immediate reconstruction of the gastroin- 
testinal tract [3, 18, 14]. 

The site of perforation determines the surgical approach. An anterior left cer- 
vicotomy is performed for cervical esophageal perforations, whereas the upper 
two thirds of the esophagus is reached through a right thoracotomy. Perforations 
of the lower two thirds are exposed through a left thoracotomy. Abdominal per- 
forations are repaired through an upper midline laparotomy. 
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As a general rule, surgical intervention is indicated for all types of esophageal 
perforation. It is agreed that management of a recently ruptured esophagus is 
direct suture with drainage of the compromised region [3, 20, 21]. This is the ideal 
treatment when the patient is in good condition, the perforation is discovered 
within 24 h, and there is no underlying esophageal disease. A water soluble con- 
trast study is performed 7 days after repair; oral intake is resumed, and drains re- 
moved if there is no evidence of leakage. 

Minor cervical mucosal disruptions or thoracic perforation in the poor risk 
patient can be managed by drainage alone [6]. However, even in this critical 
situation some authors recommend early thoracotomy and direct repair of the 
perforation [22]. 

The presence of an underlying esophageal disease (achalasia, cancer, benign 
stricture) is a critical factor in therapeutic decision making, as relief of the ob- 
struction is a prerequisite for successful treatment of the perforation. Further- 
more, reoperations on the esophagus are technically difficult and associated with 
inferior outcomes. Therefore, when possible, the primary disease should be trea- 
ted at the time of operation. The association of esophageal perforation with a pri- 
mary esophageal disease ranges from 5% (achalasia) to 25% (benign strictures) 
of cases. Heller myotomy for achalasia [15], and esophageal resection and ana- 
stomosis for benign strictures are recommended in patients operated for eso- 
phageal perforations. The coexistence of carcinoma, caustic stenosis or mega- 
esophagus of achalasia precludes primary repair of the perforation. Low-risk 
patients are amenable to a major initial operation - one-staged esophagectomy 
with immediate or delayed reconstruction [19]. 



Controversies 

The management of late esophageal intrathoracic perforations is controversial. 
Some advocate esophageal exclusion and diversion [16], others esophageal rein- 
forcement [14], external drainage to establish an esophagocutaneous fistula, or 
direct repair [23, 24]. In the past, esophageal exclusion was considered the me- 
thod of choice to control mediastinal and pleural infections [25], although this 
approach has the disadvantage that subsequent esophageal reconstruction is dif- 
ficult and discomfort is prolonged. Some authors have reported successful pri- 
mary resection in patients with established mediastinitis [26]. Finley et al. [24] 
reported no mortality in eight consecutive patients with delayed recognition (48 
h to 14 days) of nonmalignant intrathoracic esophageal perforations treated with 
primary closure. 

Another controversy is the role of nonoperative treatment, SIRS, shock, respi- 
ratory failure, pneumothorax, pneumoperitoneum, and extensive mediastinal 
emphysema are absolute indications for an emergency surgical procedure [6]. 
Whereas the accepted treatment for intrathoracic esophageal disruption is thor- 
acotomy with drainage of the mediastinum and pleural space, some authors have 
suggested that certain patients might benefit from nonoperative management. 
Cameron [7] defined certain specific instances for considering nonoperative 
management. Patients with minimal symptoms and minimal evidence of SIRS, a 
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well-contained esophageal disruption, and a cavity that drains well back into the 
esophagus, are candidates for this conservative approach (see algorithm. 
Diagram i). Immediate thoracotomy and mediastinal drainage is advocated if a 
patient’s clinical status deteriorates within 24 h. 

To be successful, the treatment for esophageal perforations must be individu- 
alized according to the cause of injury, anatomic location, time of the diagnosis, 
underlying esophageal disease, and physiologic condition of the patient. 




Diagram 1. Algorithm for management of Esophageal Perforation 
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Invited Commentary 

J. David Richardson 



The "Time Factor" 

Infections due to esophageal perforation are obviously life-threatening. My 
approach to these problems is certainly influenced much less by time than the 
authors present in their algorithm. In fact, I really do not think that the time of 
perforation should enter into treatment decisions to any significant extent. In our 
tertiary referral center, we often have patients transferred to our institution many 
days after perforation. Generally, we try to treat the patients in a similar fashion 
regardless of the time that they are seen after esophageal perforation. 



Diagnosis 

Before embarking on a discussion of treatment, I believe that several other points 
should be emphasized in the authors’ discussion. We believe it is important to 
establish a definitive diagnosis of perforation. In our experience, this can almost 
always be done by a thin contrast study. If there is still doubt as to whether per- 
foration has occurred, a CT scan generally can confirm the diagnosis by demon- 
strating microperforations with contrast extravasation; mediastinal air or peri- 
esophageal and mediastinal edema may also be identified. I would be reluctant 
to explore a patient based on clinical findings alone without definitive evidence 
of perforation. In the modern era, I think we can usually establish this diagnosis 
fairly readily. 



Mortality Rates 

The second comment regarding the authors’ presentation concerns reported 
mortality rates. The authors quote extremely high mortality associated with per- 
foration, particularly with delayed therapy. However, the primary reference cited 
was from 1971 [1]. It is my belief that these mortality rates would no longer be 
acceptable in the present era. Even with delayed treatment, the majority of our 
patients survive and that should be the norm, although occasional patients clear- 
ly will succumb to this dreaded problem. 



The Condition of the Esophagus 

I agree with the authors that the underlying state of the esophagus is very im- 
portant. If the esophagus is presumably normal prior to the insult (such as with 
Boerhaave’s syndrome), preservation of the esophagus should be the primary 
goal with attempted closure of the esophagus. If the underlying disease is cancer 
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and an iatrogenic perforation has occurred during its diagnosis or treatment, 
then the patient is best treated by esophagectomy and immediate reconstruction. 
Anastomotic perforation of achalasia patients during pneumatic dilation can be 
closed and a myotomy done at 180° to the perforation as the authors suggested. 



Nonoperative Management 

I believe nonoperative treatment must be reserved for relatively few patients and 
should only be done in a very narrow set of circumstances. If contrast goes 
beyond the wall of the esophagus, it is my opinion that the patient should have 
operation and treatment of that problem - even if the contrast drains back into 
the esophagus from a cavity. Granted, some patients may be able to heal such 
a perforation nonoperatively, but I am aware of several disasters with patient 
deaths where this strategy was tried and subsequently failed. I have also obser- 
ved significant scarring at the area of the healed perforation. Therefore, I reserve 
nonoperative treatment only for “microperforations” in which there may be some 
small tear observed in the muscle itself, but the contrast does not actually escape 
the confines of the esophagus. 



The Operation 

In patients who are treated operatively, my algorithm would focus less on time 
and more on the underlying state of the esophagus. If the esophagus is diseased, 
and return of reasonable function is not likely, then I think that the esophagus 
should be resected. Indications for this approach include cancer, mega-esopha- 
gus, or severe stricture in which future dilation is unlikely to result in a functio- 
nal esophagus. 

I believe that an attempt should be made to close every perforation. In additi- 
on to closure, other important management principles include debridement of 
infected material within the mediastinum and good tube drainage of this area. 
Any patient with a repair that is at high risk for breakdown is turned in a supine 
position, and a small abdominal incision is made to place a tube gastrostomy 
(unless the stomach has been brought into the chest for reconstruction) and fee- 
ding jej unostomy [2]. 

In my experience, primary closure of a diseased esophagus in the face of me- 
diastinitis is extremely difficult. The key to closure of the esophagus is careful 
identification of the perforation. When the chest is explored, one often encoun- 
ters necrotic material and a hole deep within the thorax that has bubbling, pu- 
rulent secretions coming up from it. If one is inexperienced with source control 
of infection due to esophageal perforation, it is easy to shriek and simply place a 
chest tube into the area of perforation and rapidly close. In fact, if one goes as 
proximal into the chest as possible, it is usually possible to palpate the esophagus 
(if not see it directly) by locating the “esophageal stethoscope,” previously placed 
nasogastric tube, or a dilator placed in the esophagus. Using these as guides out- 
side the area of the primary perforation, one can usually encircle the esophagus. 
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With careful dissection toward the area of perforation (which is usually distal in 
the esophagus), the esophagus can then be mobilized out of its inflammatory bed 
and the perforation identified. Often it is possible to then attempt some type of 
direct closure. However, in my experience, primary closure often fails immedia- 
tely because the sutures cut through. In that instance, I have reported extremely 
good results using a direct repair with a muscle flap [3]. Distal perforations are 
amenable to closure with a flap of diaphragm. A diaphragm flap can be mobili- 
zed posteriorly, leaving the posterior pedicle intact. I use double-arm PDS sutu- 
res to secure this pedicle in place in the esophagus and, thus, directly close the 
perforation. The diaphragm is then repaired primarily and the area is widely 
drained. If the defect can be primarily closed, I do so, and then use a muscle flap 
as a buttress to the repair. I find the muscle to be much sturdier than pleura, al- 
though pleura could certainly be used. I have used this technique extensively with 
penetrating trauma [4], occasional blunt blow-out injuries to the esophagus, 
many cases of Boerhaave’s syndrome, and as an onlay patch for anastomotic per- 
forations as well. In the neck, the sternocleidomastoid muscle can be used in a si- 
milar fashion. Rhomboid flaps for high thoracic perforations have been used on 
a couple of occasions. The use of these muscle flaps can prevent the esophageal 
narrowing that might come from attempted repair of defects where a major 
hole is present. 



Esophageal Diversion? 

In my opinion, esophageal diversion should be reserved only for those patients who 
are almost certainly going to die unless diversion is done. Esophageal diversion 
creates a potential disease in itself. Even if the patient survives, the closure of a 
cervical esophagostomy can be difficult. In my opinion, exclusion and diversion 
in continuity, as has been advocated by others, should never be done. The authors 
of this chapter state that correction of the distal obstruction is a key part of clo- 
sure of the perforation. I agree with this assertion. However, the use of diversion 
and exclusion creates a distal esophageal obstruction by definition, and the per- 
foration will likely never heal. Therefore, I think this is not in keeping with the 
principles of proper source control of esophageal perforation. 
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Editorial Comment 

We agree with all authors that nonoperative treatment can be selectively em- 
ployed in a well-chosen patient. When successful, it is considered a victory, but 
we have seen patients so treated rapidly succumbing to virulent mediastinitis. 
Patients with minor, instrumental injuries of the cervical esophagus are the ide- 
al candidates for nonoperative treatment; such an approach can be only used in 
perforations documented as contained on contrast studies. 

Dr. Richardson claims out that “even with delayed treatment, the majority of 
our patients survive and that should be the norm....” We have to point out, howe- 
ver, that in a tertiary care setting, transferred patients may represent a self selec- 
ted group - those suffering from fulminant mediastinitis dying prior to transfer. 

The overall message is clear: resuscitate, provide wide spectrum antibiotics, 
diagnose with contrast study and/or CT, operate on most patients to repair the 
hole, use muscle, drain widely, and reserve exclusion to the few who are in very 
bad shape. 
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Key Principles 

• Pleural empyema can be divided into three phases: 

a) Exudative 

b) Fibrinopurulent 

c) Organizing 

• Pleural empyema may be: 

a) Para- or postpneumonic 

b) Postoperative 

c) Posttraumatic 

d) Secondary to other intrathoracic or upper abdominal infections 

• Primary management of para- or postpneumonic empyemas is with antibiotics. 
Source control is a secondary measure whose aims are the evacuation of pus 
and full expansion of the lung; approaches to source control must be adapted 
to the stage of the disease. 

• The objective of source control in postresectional empyema is to close any 
bronchopleural fistula and reexpand the lung, or, after pneumectomy,to stabi- 
lize or obliterate the thoracic space. 



Empyema is the accumulation of pus in a preformed body cavity. Thus, pleural 
empyema (or empyema thoracis) is the accumulation of pus or other infectious 
material in the pleural space. Based on natural history, pleural empyema has been 
arbitrarily divided into three phases [i]. 



Exudative or Acute Phase 

In the exudative phase, the pleural fluid is characterized by low viscosity and low cell 
count. There are no adhesions or loculations and the visceral and parietal pleura are 
freely movable against each other. Pleural fluid has a low white cell count, a pH of 
more than 7.2 and a glucose content of more than 60 mg/dl. The LDH level is normal. 



Fibropurulent or Transitional Phase 

In the fibrinopurulent phase, the pleural fluid becomes more turbid due to an in- 
creased number of polymorphonuclear cells. Fibrin is deposited, limiting the ex- 
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tension of the empyema, but trapping the lung. At this stage the pleural fluid has 
a high cell count, the pH is less than 7, the glucose content less than 40, and the 
LDH more than 1,000 u/dl. 



Organizing or Chronic Phase 

The organizing phase of empyema is characterized by the development of a pleural 
peel with ingrowth of capillaries and fibroblasts. The remaining pleural fluid is 
viscous consisting up to 75 % of cells, and expansion of the lung is severely im- 
paired. This stage usually evolves over 4-6 weeks, but may develop in as little as 
7-10 days. 

Roughly 50 % of all empyemas are para- or postpneumonic, 25 % occur after 
operations on the lung, esophagus and mediastinum, 10 % occur after blunt or 
penetrating thoracic trauma, and the remainder arise secondary to generalized 
sepsis, tuberculosis, mycotic infections, subdiaphragmatic abscesses, and spon- 
taneous pneumothorax [2-4]. The distinction between para- or postpneumonic 
and postoperative empyema is important in defining the need for source control. 
Para- and postpneumonic empyemas are treated primarily by systemic antibio- 
tics, reserving surgical intervention for the secondary manifestations of the in- 
fection. For patients with postoperative empyema, the primary source, i.e., a 
bronchopleural fistula, is dealt with primarily by surgery. 

Because patients with pleural empyema are often treated with a prolonged 
course of antibiotics prior to diagnosis, pleural fluid often is sterile by routine 
clinical culture methods. The most common organisms in parapneumonic em- 
pyema are S. aureuSy S. pneumoniay and S. pyogenes; in postoperative empyema, 
S. aureus and Gram-negative rods. Anaerobic bacteria can be recovered from 
most empyemas as well [2-4]. 



Para- and Postpneumonic Empyema 

Clinical signs and symptoms in the early phase of empyema are nonspecific and 
frequently hard to distinguish from the underlying pneumonia. However, surgical 
treatment depends on appropriate diagnosis and staging of the disease, therefore 
the diagnosis and staging of pleural empyema is based on radiologic methods 
and examination of the pleural aspirate. Pleural fluid accumulation occurs in 
40 %-50 % of all patients with pneumonia [5]. If the pleural effusion is small and 
the patient responds promptly to antibiotic therapy no further measures are 
necessary; if not, further investigations are indicated. Radiologically, a stage I 
empyema is indistinguishable from a simple pleural effusion. The effusion is 
freely mobile on fluoroscopy or on decubitus chest X-ray, and CT scan shows no 
pleural thickening or loculation. The density of the fluid is below 15 Hounsfield 
units. The diagnosis of a stage I empyema is established either by the presence of 
bacteria on the Gram stain or culture, or the chemical characteristics of the pleural 
aspirate - pH < 7, glucose < 40 mg/dl, and LDH > 1,000 u/dl; the cell content is 
variable. A stage I empyema can be managed by the insertion of a large-bore 
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chest tube (28-32 Charriere or French). Two days after the chest tube has been in- 
serted, a chest X-ray should be taken to confirm that all fluid has been evacuated, 
and the pleural space completely obliterated [5, 6] . If this is not the case, it is likely 
that loculations have been overlooked and the patient should be treated as in 
phase II empyema. 

In phase II empyema, thickening of the pleura and loculations can be seen 
on chest X-ray or computed tomography. Pleural fluid is now rich in protein 
and, therefore, has over 30 Hounsfield units on CT scan. In the past, treatment 
of a stage II empyema was thoracotomy and debridement of the pleural cavity. 
This procedure today can be done by the thoracoscopic approach and yields 
equivalent results [7, 8]. It has also been shown that thoracoscopic debridement 
is superior to the use of fibrinolytic agents in the treatment stage II empyema 

[9]. 

Chronic or phase III empyema is characterized by a thick pleural peel, en- 
trapment of the lung, and thick pus, and is treated by open drainage. Drainage 
can either be accomplished by the resection of one to three ribs over the most 
dependent portion of the empyema and the insertion of several chest tubes, or 
by the construction of a skin flap that is inserted through the bed of a resected 
rib into the thoracic cavity [10]. A skin flap is easier to care for and stays open 
longer than a tube thoracostomy. If the wall of the empyema is unusually rigid 
and the lung cannot expand, especially if there is a significant restrictive impair- 
ment of pulmonary function, a decortication of the lung through an open thor- 
acotomy should be performed, including, if possible, the removal of the entire 
empyema cavity (empyectomy) [11]. A thoracoplasty is hardly ever indicated in 
the treatment of postpneumonic empyema (Diagram 1). 



Phase I 
Phase II 
Phase III 



chest tube 

►thoracoscopic debridement 

►open drainage 



> open decortication 



Diagram 1. Flow diagram for the treatment of para- or postpneumonic empyema. Phase I 
empyema usually can be treated with a chest tube, phase II empyema with thoracoscopic debride- 
ment. If chest tube drainage of a phase I empyema is not successful, thoracoscopic debridement 
should be done. Phase III empyema usually is treated with open drainage. If the lung does not 
expand open decortication is indicated as is the case if thoracoscopic debridement is unsuccess- 
ful 



Postresectional Empyema 

Postresectional empyema is frequently, but not always, associated with a bron- 
chopleural fistula. Primary treatment is drainage. If the preceding operation has 
been a partial lung resection and no bronchopleural fistula is present, surgical 
treatment is similar to that of postpneumonic empyema. If, however, a fistula is 
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present, it must be closed with a muscle flap, and if the lung does not completely 
reexpand after the decortication, the remaining space should be filled with trans- 
posed muscle [12] (Diagram 2). After pneumonectomy an attempt can be made 
to sterilize the empty thoracic cavity. To accomplish this, a rib resection is per- 
formed and the thoracic cavity is irrigated with antibiotic solution [13]. An acute 
bronchopleural fistula can usually be closed by resecting the bronchial stump 
and reclosing it primarily. The suture line should be reinforced by a pericardial, 
pleural, or intercostal muscle flap [12]. If a chronic bronchopleural fistula deve- 
lops, it can be closed transpericardially with a stapling device [14], or the entire 
thoracic cavity can be obliterated by transposed muscle [15] (Diagram 3). 
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Diagram 2. Initial treatment of postresectional empyema is identical to the treatment of para- 
and postpneumonectomy empyema if no bronchopleural fistula is present or if the fistula closes 
after drainage. If the fistula remains open, either decortication and myoplasty or completion 
pneumonectomy can be done. A thoracoplasty is rarely indicated 
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Diagram 3. Postpneumonectomy empyema is initially treated by drainage regardless of whether 
a fistula is present or not. If there is no fistula or the fistula closes spontaneously after drainage, 
sterilization of the pleural cavity can be attempted. If this is unsuccessful, a thoracoplasty may 
be necessary. If the fistula remains open, an attempted bronchial closure can be done. If this is 
unsuccessful, myoplasty or thoracoplasty is indicated 
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Summary 

The aim of surgical treatment in pleural empyema - regardless of etiology - is 
evacuation of pus, full expansion of the lung, and operative source control if a 
surgically treatable underlying cause is present. Evacuation of pus and full 
expansion of the lung is accomplished by chest tube drainage, thoracoscopic 
debridement, open drainage or decortication, depending on the stage of the 
empyema. Surgical source control is necessary, albeit often difficult to achieve, in 
postresectional empyema with a bronchopleural fistula. 
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Invited Commentary 

J. David Richardson 



Hau and Forster stress that empyema can be divided into three phases: exudative, 
fibrinopurulent, and organizing. While this is certainly classic teaching and 
appears in all textbooks on thoracic surgery, I find it is often of little benefit in 
caring for patients with empyema. Furthermore, over-reliance on this progressive 
pathophysiologic concept may suggest that there is an orderly progression from 
one phase to another, while in fact there is not. The authors note that the organizing 
or chronic phase is variable in length, and I believe this point deserves double 
emphasis. 

The problem I have with the concept of phases of empyema is that it does not 
apply to all etiologies causing empyemas [1]. Patients with para- or postpneu- 
monic empyema, particularly those caused by Gram-positive organisms, may 
produce a thin exudative material that is amenable to drainage by thoracentesis 
or tube thoracostomy, if antibiotics fail. The concept of the three stages likely 
applies very well to this etiology of empyema. However, surgeons rarely are called 
to consult on this type of empyema. 

Our experience with empyema caused by mixed organisms in an intensive care 
unit setting is much different. There is less likelihood of an exudative phase, and 
operative treatment may be required. 

Empyema following trauma does not behave in a controlled, predictable 
fashion. The pathophysiology of this disease is different than that of parapneu- 
monic empyema caused by a Gram-positive organism: blood in the pleural space 
from the original injury becomes infected by direct contamination from tube 
thoracostomy or other instrumentation, or by secondary infection from a para- 




Pleural Empyema 



207 



pneumonic or subdiaphragmatic process. If empyema is diagnosed in this setting, 
operative treatment should be undertaken. Tube thoracostomy is rarely effective 
because fibrin and pus precludes effective drainage. I support the authors’ 
emphasis on early treatment with thoracoscopic techniques. However, I am con- 
cerned that the continued emphasis on “three phases” might lull the physician in- 
to a false sense of security that there is a prolonged period to treat the patient by 
nonsurgical means when, in fact, an operation is required. Prolonged delays in 
treating empyema make it much more likely that a thoracotomy will be required to 
manage the empyema, as opposed to a thoracoscopic procedure. 

The authors appropriately emphasize the critical role of CT scans in diagnosing 
empyema and in identifying undrained collections. This is especially critical in 
posttraumatic and postoperative empyema. 

The authors’ emphasis on flap closure of bronchopleural fistulas is entirely 
correct in my opinion. On the other hand, I have never encountered or seen an 
acute bronchopleural fistula that was successfully reclosed primarily. If lung tissue 
remains, it is imperative that the lung be freed from any entrapping peel to allow 
it to expand and fill the thoracic space. Although the use of antibiotic solution to 
free the thoracic space of infection has been discussed for years, I have rarely seen 
that be successful, either - perhaps because the technique has not been properly 
employed. Our unit has had much better results with the staged approach the 
authors recommend, of open drainage and dressing changes, followed eventually 
by muscle transposition to close the space. 
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Key Principles 

• Soft tissue infections can be classified as either simple or necrotizing. 

• Necrotizing soft tissue infections (NSTI) generally Involve the subcutaneous tissue, 
fascia, or deeper tissues. Therefore, an NSTI may not be readily apparent on ex- 
ternal inspection of the skin. 

• Patients with a history of blunt or penetrating trauma, diabetes mellitus, illicit 
parenteral drug use, burns, bites, stings, recent surgery, immunologic deficiency, 
or soft tissue contamination are at risk for NSTI. 

• Initial management of NSTI includes administration of antibiotics, hemodynamic 
monitoring and physiologic stabilization, treatment of electrolyte/acid-base 
imbalances, and correction of coagulopathy. 

• Treatment consists of urgent surgical exploration with drainage and debrid^ 
ment of nonviable or infected tissue. Wounds require frequent inspection until 
one is assured that tissues remain viable and infection is no longer spreading. 



General Approach 

Infection can involve all layers of soft tissues. The severity of infection can range 
from a simple cutaneous infection to widespread necrosis of skin, muscle, and 
bone. While infections of the soft tissues are common, and can usually be managed 
with medical therapy, clinicians should be aware of the less commonly seen in- 
vasive infections that are potentially fatal. 

Soft tissue infections can be classified as simple localized processes or serious 
necrotizing infections. Examples of simple soft tissue infections include: cellulitis, 
carbuncle, furuncle, erysipelas, impetigo, suppurative flexor tenosynovitis, and 
folliculitis [i]. Necrotizing soft tissue infections (NSTI) are associated with tissue 
destruction caused by pathogen-induced vascular thrombosis. Specific patterns 
of infection have been described, for example, Fournier’s gangrene (perineal 
infection), Meleney’s gangrene (streptococcal gangrene), and clostridial 
myonecrosis [2]; however, it is not clear that these represent distinct pathologic 
processes. To avoid confusion, this chapter will define as NSTI all infections 
involving multiple layers of soft tissue. Nomenclature regarding the depth of soft 
tissue involvement for such infections is displayed in Table 1 [3]. 

Typically, simple soft tissue infections begin with localized erythema and 
pain. Cutaneous lesions, minor trauma, or any area of skin breakdown may pre- 
cede such infections. In patients with a competent immune system, normal host 
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Table 1. Layers of the soft tissues and common 


infections involved [2] 


Anatomical layer 


Infection 


Epidermis 


Erysipelas 

Impetigo 

Folliculitis 

Furunculosis 

Carbunculosis 


Dermis 


Abscess 

Cellulitis 


Subcutaneous fat (e.g., Camper’s fascia), 
nerves, and vessels 


Panniculitis 


Superficial fascia (e.g., Scarpa’s fascia) 
Deep fascia (e.g., aponeurosis, fascia lata) 


Necrotizing fasciitis 


Muscle and tendon 


Myonecrosis 

(Clostridial and non-Clostridial) 
Tenosynovitis 


Bone 


Osteomyelitis 



defenses contain the initial infection to a limited area of cellulitis or abscess, and 
treatment with antibiotics and abscess drainage commonly provides resolution. 
Tetanus prophylaxis should be administered in any patient with a potentially 
contaminated wound. 

If a local infection continues without treatment, spread with deep invasion 
may occur. Extensive destruction of tissues can occur without obvious external 
signs. By the time patients present with a clinically manifest NSTI, appropriate 
interventions must immediately be performed in order to prevent the devastating 
spiral of systemic sepsis and death [4]. The focus of this chapter will be the diag- 
nosis and management of NSTI. 

NSTI can exist as a complication of cellulitis, panniculitis, burns, bites, 
osteomyelitis, or contamination by foreign bodies from blunt or penetrating 
trauma. This disease can affect any area of the body but most commonly involves 
the extremities, perineum, or buttocks [3]. Direct injection of either contaminated 
needles or other foreign substances mixed with illicit drugs has been an increas- 
ing cause of NSTI in urban centers [5, 6]. Other causes include ulcers, decubiti, 
abscesses, contaminated postoperative wounds, and internal infections such as 
diverticulitis or strangulated hernia [6]. 

The reported mortality of NSTI ranges between 6 %-48 % [5], and is increased 
when care is delayed either as a result of patient transfer or misdiagnosis [7, 8]. 
Diabetes, malnutrition, peripheral vascular disease, comorbid disease, HIV in- 
fection, or an immunocompromised state are all risk factors for NSTI [6, 9]. 
When more than three risk factors exist, mortality may exceed 50 % [10]. 

The diagnosis of NSTI is made more difficult by the paucity of signs and 
symptoms at presentation (Table 2). Short of an operative exploration, there is no 
standard test to diagnose NSTI, and clinicians must rely upon judgment and a 
high index of suspicion. External clinical clues to deeper tissue involvement in- 
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Table 2. Presenting signs of necrotizing soft tissue infections [5] 



Sign Percentage 



Pain 


100 


Erythema 


77 


Induration 


43 


Swelling 


20 


Fluctuance 


20 


Necrosis 


10 


Bullae 


3 


Crepitance 


3 



dude persistent edema out of proportion to erythema, fluctuance, and gas [i] in 
the subcutaneous tissues - often identified on plain films or by palpating crepi- 
tance over the wound. As the disease progresses, skin blistering occurs followed 
by ecchymosis (purpura fulminans) and skin necrosis [i, ii]. 

NSTI spread along tissue planes within layers of fascia and muscle [i, 12]. 
When fluctuant and erythematous tissues are encountered, adequate examination 
of the underlying fascia or muscle is critical [5, 11]. Infiltration with local anesthesia 
facilitates placement of a small incision to expose the superficial fascia and muscle 
compartments. Discolored fascia or malodorous watery drainage suggests the 
diagnosis of NSTI [11, 12]. Needle aspiration of tissues may be misleading when 
no organisms are found and is not recommended as a diagnostic maneuver. 
Computerized tomography, magnetic resonance imaging and ultrasound have 
all been reported to yield further evidence of gas in the tissue planes, fluid collec- 
tions, tissue edema, and inflammation [5, 13]. These adjuncts can occasionally be 
useful, but should not delay surgical exploration. 

Systemic infection and bacteremia occur late in the course of NSTI. Patients 
are usually febrile and appear toxic. Laboratory abnormalities are nonspecific 
and can include an elevated leukocyte count and derangements of serum elec- 
trolytes [7]. Systemic hypotension and sepsis can progress rapidly. Patients with 
NSTI may occasionally present in septic shock, making the diagnosis of a local 
process even more difficult [14]. 



Microbiology 

A wide range of bacteria and fungi have been associated with NSTI, including 
Clostridia and Streptococci (Group A Streptococci are extremely virulent) alone or 
in combination with other bacteria [2, 12]. Mixed infections may also occur with 
Staphylococcus, Bacteroides, and Peptostreptococcus in combination with one or 
more facultative anaerobic species or other Gram-negative bacilli such as E. coli, 
Enterobacter, Proteus, and Klebsiella [2]. The rate of mixed infections has been 
reported to be as high as 80 % [6, 15]. Synergy between organisms in mixed in- 
fections may encourage bacterial growth or elaboration of factors promoting the 
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spread of infection. Virulence appears to correlate with the production of specific 
procoagulants and tissue proteases by invading organisms. Fungal infections 
involving Mucormycosis or Aspergillus can also present with necrotic lesions. In- 
fections with Vibrio may occur in patients exposed to a marine environment [4]. 



Antibiotics 

Broad-spectrum antibiotic therapy should be employed in treating NSTI. Com- 
bination therapy should be started immediately, then modified by the results of 
subsequent wound or blood cultures. Special attention should be given to an- 
aerobic coverage. Common regimens include a maximal dose of penicillin with 
either an aminoglycoside or third generation cephalosporin to cover Gram- 
negative bacteria, along with either clindamycin or metronidazole for anaerobes 
[4, 13]. Other options include broad-spectrum antibiotics such as imipenem, or 
variations of penicillinase-resistant antibiotics. 



Operative Treatment 

Once a diagnosis of NSTI is suspected, surgical exploration and debridement 
should be performed urgently. Surgery is both diagnostic and therapeutic be- 
cause the early clinical differentiation of the entities encompassing NSTI can be 
difficult. During operative debridement, necrosis is easily identified by the lack 
of bleeding from involved tissues, and by the finding of fascial planes that sepa- 
rate easily with little resistance [3, 6]. Classically, necrotizing fasciitis is an infection 
involving the superficial fascia without direct involvement of the skin or deep 
muscle [1, 12]. The fascia typically appears yellow-gray and may be liquefied [16]. 
Compartment syndrome, requiring extensive fasciotomy, may develop as a result 
of circumferential swelling. If the muscle is infected, the typical findings include 
purulent material or gas between the fibers. Fat necrosis (panniculitis) is usual- 
ly focal and should also be widely debrided. Complete removal of nonviable tissue 
is mandatory. Superficial tissue and skin may not be initially involved, but may 
subsequently become gangrenous and require removal as nutrient vessels 
thrombose [6, 10, 16] . Since retained broken needles are common with illicit drug 
users, blunt digital dissection of tissues should be avoided. Open management of 
the resulting wounds is preferred to avoid resuppuration. When the infection in- 
volves an extremity, appropriate splints should be applied and the affected ex- 
tremities elevated. Gram stain by touch prep or frozen section biopsy of the de- 
brided tissue can be used to confirm that margins are free of infection [9, 17, 18]. 
Tissue and fluid should be cultured for aerobic, anaerobic, and fungal organisms 
to assist in the refinement of antibiotic regimens [12]. 

Reconstruction is a secondary consideration during the initial debridement 
phase. Patients should be scheduled for a repeat exploration with possible further 
debridement within 12-24 h- In general, this should be conducted in the operating 
room under general anesthesia, as bedside examination is generally too painful 
for the patient and may not allow for adequate wound inspection. Tissues and 
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fascia should be carefully inspected with particular attention to wound boundaries 
and overlying skin, since areas of NSTI can persist after an inadequate initial 
debridement or with disease progression [i6]. Amputation may be necessary if 
tissue destruction portends a useless extremity or if infection threatens spread 
to the torso [15]. 

Supportive Care 

Resuscitation following operative intervention should be continued in a monitored 
intensive care unit. Treatment of acidosis, dehydration, and hemodynamic insta- 
bility may all become necessary. Ventilatory support and close hemodynamic 
monitoring are mandatory. Septic shock and multiorgan failure with a systemic 
inflammatory response is a common complication of the disease process. Nutri- 
tional support should also be initiated as soon as possible, preferably through the 
enteral route. 



Controversies 

Fecal Diversion? 

In general, fecal diversion for perineal wounds is not required unless complex 
wounds fail to heal because of persistent soiling [15]. Indications for the perfor- 
mance of a diverting ostomy include an infected sphincter, colonic or rectal 
perforation, incontinence, large nonhealing wounds, and certain conditions of 
immunocompromise [14]. 



Hyperbaric Oxygen? 

When available, hyperbaric oxygen (HBO) therapy can be used as an adjuvant to 
surgical therapy. Proponents of HBO point to the advantages of hyperoxia, 
including improved phagocytosis of leukocytes, eradication of anaerobes, 
reduction of tissue edema, stimulation of fibroblast growth, and increased collagen 
formation [3]. HBO may be of some benefit in patients with Clostridial 
myonecrosis [15]. While anecdotal reports suggest that HBO therapy can decrease 
mortality in certain patients, evidence from prospective randomized trials is 
lacking [19]. Regardless of the decision to incorporate HBO therapy, its use 
should not preclude or delay early surgical debridement. 



Critical Factors and Decision Making 

Patients with suspected NSTI require operative exploration and evaluation of in- 
fected tissues. Obvious necrotic infections need urgent operative debridement 
and postoperative intensive care unit monitoring with planned reexploration 
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within 24 h. Broad-spectrum antibiotics should be initiated early, and then tailored 
based upon culture results and clinical response [17]. At the time of reexploration, 
further serial debridement should be undertaken of all necrotic areas involved. 
Reconstruction and closure of large wounds should not be considered until all 
infection has cleared and wounds have become mature. 




Diagram 1. Management algorithm for soft tissue infections 
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Invited Commentary 

H. Harlan Stone 



• Although the classification of soft tissue infections as presented is acceptable, 
my personal preference has been to use a different organization of categories. 
Cellulitis is a diffuse inflammatory response without areas of necrosis during 
its earliest phases, is confined to tissue superficial to the deep enveloping fascia, 
generally is caused by Gram-positive cocci, and is almost uniformly responsive 
to beta lactam antibiotics. 

• Abscessy on the other hand, represents a central area of liquefied necrotic ma- 
terial that, in turn, is surrounded by a halo of cellulitis. In general, the infection 
has been confined by the freshly established granulating wall. Host defenses 
have limited the process, so all that is needed is drainage. Antibiotics are indi- 
cated only if there has been an attendant bacteremia, and only until the abscess 
has been drained. Responsible pathogens include Gram-positive cocci. Gram- 
negative rods, or a mixed flora which may also include anaerobes. 

• Phlegmon is a process that is made up of innumerable small abscesses that have 
been compartmentalized by soft tissue structures resistant to bacterial enzy- 
matic digestion. Treatment is the same as for an abscess, except that the inter- 
vening septi must be divided to create a single confluent cavity. At times it is 
more practical to excise the entire inflammatory process, such as with sigmoid 
colectomy for diverticulitis. 

A more serious infection is that which causes frank tissue necrosis. If the pro- 
cess involves those planes superficial to the deep enveloping fascia, then spread 
is along the equivalent of Scarpa’s fascia (Necrotizing fasciitis). It can be recog- 
nized at a relatively early stage because of thrombosis of the perforating vessels, 
which nourish the more superficial tissues - the skin and subcutaneous fat. If 
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caused by a single pathogen, either the aerobic Streptococcus or Pseudomonas is 
the usual culprit. Most, however, are caused by a mixed flora and may be pro- 
moted by microbial synergy, for example in infections caused by anaerobic 
Streptococci {Peptostrepto coccus) in combination with Staphylococcus aureus, as 
described first by Meleney. Other soft tissue infections result from fusospiro- 
chetes or marine Vibrios. Most, however, yield a polymicrobial mixture of aerobic 
Gram-negative rods in symbiosis with a large array of anaerobes. Treatment 
consists of antibiotic therapy appropriate for the offending bacteria until the 
process can be excised. Management is the same as described in the chapter 
from that point on. 

Gangrenous infection below the deep enveloping fascia Necrotizing myosiitis, 
appears late and often has no obvious wound, or the penetrating site is some in- 
nocuous form of trauma. Management here is similar to that used in necrotizing 
fasciitis, except that generously wide excision of skin and subcutaneous tissue 
seldom is necessary. Gas gangrene is the classic example and is certainly the most 
fulminant. 

In infections caused by toxic material introduced by a poisonous snake, spider, 
or scorpion, the primary site is excised as soon as possible. If an antitoxin is avail- 
able, certainly it warrants administration. 

Finally, hyperbaric oxygen therapy has no proven benefit and is indeed a form 
of late twentieth century alchemy. 
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Key Principles 

• Diabetic foot \s a syndrome involving pain, deformation, inflammationjnfection, 
ulceration, and tissue loss of the foot in diabetic patients. 

• Neuropathy, Ischemia, and Infection are the principal pathogenic factors. 

• Clinical features are neuropathic and ischemic ulcers and infection. 

• Diagnosis should identify and grade neuropathology, osteopathy, and vascular 
pathology. 

• Treatment involves relieving weight from the ulcerated area, treating infection, 
and restoring arterial perfusion. 



General Approach 

Diabetic foot is a clinical syndrome involving pain, deformation, inflammation, 
infection, ulceration, and tissue loss of the foot in diabetic patients. 



Pathophysiology 

The predominant cause is sustained hyperglycemia [i], although diabetic foot 
lesions frequently result from two or more risk factors occurring together (Dia- 
gram i). In the majority of patients, diabetic peripheral neuropathy plays a cen- 
tral role [2]; up to 50 % of patients with type 2 diabetes have neuropathy and are 
at risk of developing the syndrome. Neuropathy leads to an insensitive and sub- 
sequently deformed foot with an abnormal walking pattern and, in conjunction 
with limited joint mobility, can result in abnormal biomechanical loading of the 
foot. Initially a callus is formed, but ultimately the skin breaks down. In addition, 
minor trauma may precipitate a chronic ulcer. Regardless of the primary cause, 
the patient continues walking on the insensitive foot, impairing subsequent healing. 
Minor trauma in the setting of peripheral vascular disease may result in a pain- 
ful, ischemic foot ulcer [3]. However, in patients with both neuropathy and ischemia 
(neuroischemic ulcer), symptoms maybe absent despite severe peripheral ischemia. 
Microangiopathy is rarely a primary cause of an ulcer. 

Once neuropathy develops, other aggravating factors, including infection and 
ischemia, play a major role, the former provoking extensive tissue damage, and 
the latter delaying the healing process. 
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NEUROPATHY MICROANGIOPATHY MACROANGIOPATHY 




Diagram i. Pathophysiology of diabetic foot 



Clinical Features 

Patients at risk for developing diabetic foot suffer from neuropathy (dysesthesia, 
paresthesia, hyperesthesia or anesthesia) or dermopathy (cutaneous dryness, 
ungal alteration, and atrophy of the subcutaneous cellular tissue) [5]. 

Neuropathic ulcers usually occur on the plantar surface of the foot, or in areas 
overlying a bony deformity. Ulcerations come in three different forms: typical 
rounded ulcers, a periulcerative callus, and painless ulcerations. Arterial perfusion 
in such cases may be adequate with normal peripheral pulses [4]. 

Occasionally patients present with asymptomatic spontaneous tarsometatarsal 
fractures. The radiological findings include periosteal and osteolytic bone reaction. 
More advanced stages, the so-called global arthropathy (Charcot’s joints), are de- 
fined by the presence of plantar tarsal subluxation and loss of medial conduc- 
tivity of the foot caused by displacement of the calcaneoastragaloid joint, which 
can be associated with luxation of the tarsometatarsals [5]. 

Neuroischemic ulcers are more common on the tips of the toes or the lateral 
border of the foot. Initial necrosis is dry but may become wet, particularly if it 
becomes infected [6]. 
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The Infected Diabetic Foot 

Not all neuropathic foot ulcers are infected. Infection is suggested by local in- 
flammation, purulent drainage, sinus-tract formation, or crepitation. The severity 
of cellulitis may range from a mild, localized infection to a limb-threatening, 
necrotizing process with fasciitis [7]. Foot ulcers can be divided into superficial 
lesions that do not threaten the limb and deeper, limb-threatening ulcers. Fever, 
chills, and leukocytosis are absent in two thirds of patients with limb-threatening 
infection, which may include deep abscesses, extensive soft tissue infection, or 
metastatic infection involving remote sites. Hyperglycemia is a common sign of 
limb- or life-threatening infection. Erythema, swelling, and warmth in a non- 
ulcerated foot may indicate acute Charcot’s disease rather than infection. 

Most mild infections are caused by aerobic Gram-positive cocci such as 
Staphylococcus aureus or streptococci. Deeper, limb-threatening infections are 
usually polymicrobial and caused by aerobic Gram-positive cocci. Gram-negative 
bacilli (e.g., Escherichia coliy Klebsiella species, and Proteus species), and anaerobes 
(e.g., Bacteroides species and Peptostreptococcus). The pathogenic role of coagulase- 
negative Staphylococciy Enterococciy and Corynebacterium species is often difficult to 
discern, particularly when they are cultured along with more virulent organisms [8]. 

Clinically uninfected ulcers should not be cultured. The results of superficial 
swab cultures of an open wound are unreliable. If cultures are warranted, percuta- 
neous needle biopsy, deep aspiration, or open debridement and tissue biopsy should 
be performed in order to identify the infecting bacteria [9-13]. The Wagner Scale is 
a useful clinical classification system for diabetic ulcers. It classifies the severity de- 
pending on the depth of the ulcer, infection grade and degree of gangrene (Table 1). 

Diagnosis 

Diagnosis of the diabetic foot must identify and grade all elements of pathophysio- 
logy: neuropathology, osteopathy, and vascular pathology. 



Table 1. Classification of diabetic foot (from [13]) 



Grades 


Clinical features 


0 


Normal foot. Variable degree of neuropathy. 
Joint deformities. Foot at risk. 


1 


Superficial ulcer, nonaffecting soft tissue. 
Cellulitis. 


2 


Noncomplicated deep ulcer, producing osteitis. 


3 


Complicated deep ulcer, including deep 
infection, osteomyelitis and abscess. 


4 


Limited necrotizing gangrene 
(digital, plantar, heel). 


5 


Extended gangrene. 
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A simple technique can identify patients who have lost protective sensation. A 
nylon monofilament is pressed against the skin to the point of buckling. Patients 
who cannot feel the monofilament are at risk for ulceration and require special 
care [14]. 

The diagnosis of osteomyelitis is difficult, since plain radiographs are neither 
sensitive nor specific. Differentiating between diabetic osteoarthropathy and 
osteomyelitis is difficult. The ability to reach bone by gently advancing a sterile 
surgical probe has a high specificity and positive predictive value in diagnosing 
osteomyelitis, but the sensitivity of this technique is low [15]. Combining plain 
radiography with a probe for bone is a reasonable initial approach to the dia- 
gnosis of osteomyelitis [3]. 

Vascular assessment should include palpation of pulses (pedal, tibial posterior, 
popliteal, and femoral), and evaluation of asymmetries in temperature, coloration, 
and capillary- venous refilling. In the absence of pulses, the Hemodynamic Func- 
tional Exam providing information regarding the Doppler velometric curve and 
ankle pressure, should be performed. Values lower than 1.2-1.0 on the leg/arm 
blood pressure gradient indicate the presence of vascular pathology [16]. How- 
ever, in some diabetic patients, this index may be normal due to calcification of 
the medial arterial layer. Finally, an angiographic study is indicated when 
surgical revascularization treatment is contemplated. 



Treatment 

General Principles 

The most effective approach to prevent the appearance of symptomatic neuro- 
pathy is to maintain normal blood glucose levels, as reflected by HbAiC levels, 
under 7.5 %. 

Optimal treatment requires that weight bearing be eliminated. Foot ulcers 
commonly fail to heal simply because patients continue to put weight on their 
feet. Because prolonged absence of weight-bearing on the affected foot is usual- 
ly unrealistic, devices are required that reduce pressure at the site of the ulcer 
while allowing ambulation. Small shallow ulcers have been treated successful- 
ly with felted foam inserts. However, the total-contact cast is the optimal device 
for protecting neuropathic ulcers during ambulatory management [3]. This 
device is designed to distribute pressure over the entire surface of the foot and 
lower leg and thereby protect the site of the ulcer. The cast should be removed 
24-48 h after application to assess the adequacy of the fit. Another cast is then 
applied and changed every week thereafter. Healing generally occurs in 8-10 
weeks. 

Local treatment should be carried out according to the degree of ulceration 
(Wagner Scale). For a Grade 0 ulcer, education and adoption of prophylactic 
measures have been demonstrated to prevent ulceration and infection [19]. For 
Grade 1 ulcers, the priority is to decrease pressure over the ulcerated area; usually 
infection is not yet present. Infection is frequently present in Grade 2 ulcers, 
therefore, it is necessary to obtain samples for culture and sensitivity. Early 
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debridement of fistulous tracts is effective, and must be done independent of the 
blood perfusion to the foot. Infections of Grade 3, are usually extensive and 
debridement should be performed in the operating room. Treatment of diabetic 
foot osteomyelitis is summarized in Diagram 2. For Grades 4 and 5 ulcers, ampu- 
tation is generally needed. 




Diagram 2. Diabetic foot osteomyelitis 
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Table 2. Antibiotic treatment of diabetic foot 

Non-limb-threatening 
No hospital admission 
Previously untreated; limited in extent 

Oral regimen (Cephalexin, Clindamycin, Amoxicillin-clavulanate) 

Limb-threatening infection 
Chronic, recurrent 
Hospital admission 

Parenteral regimen [Ampicillin-sulbactam, Piperacillin-tazobactam, ticarcillin-clavulanate or 
clindamycinH- (ceftriaxone/cefotaxime or fluoroquinolone or aztreonam)] 

Life-threatening infection/Osteomyelitis 
Septic, severe 

Parenteral regimen [(Imipenem-cilastatin, meropenem or trovafloxacin) + Vancomycin] 



Antibiotic Therapy 

Antibiotics should be administered once appropriate specimens have been ob- 
tained for culture (Table 2). The choice of regimen should be based on the sus- 
pected pathogens. Infections can be classified as non-limb-threatening, limb- 
threatening, or life-threatening for the purpose of empiric selection of an 
antibiotic regimen [17]. Aminoglycosides should generally be avoided in favor of 
less nephrotoxic antibiotics. Fluoroquinolones, which lack adequate activity 
against Gram-positive and anaerobic pathogens, should not be used empirically 
as single agents. If the infection does not respond adequately to treatment, the 
antimicrobial agent should be changed according to the culture results. 

For non-limb threatening ulcerations, outpatient care using oral antibiotics 
such as cephalexin, clindamycin, or amoxicillin-clavulanate is appropriate if the 
patient is previously untreated and the ulceration is limited in extent [11]. Limb- 
threatening infections are classified as chronic or recurrent, requiring hospital 
admission and parenteral antibiotics. Severe infections are life-threatening and 
require parenteral antibiotics [18]. 

The optimal duration of antimicrobial therapy after surgical debridement of 
infected bone has not been established. Traditionally, a regimen of 4-6 weeks of 
parenteral antibiotic therapy has been recommended. If all infected bone has been 
removed by digital or ray amputation, a 2- to 3-week course of antibiotics directed 
at residual soft tissue infection is reasonable [3]. 



Surgical Treatment 

Local Wound Care 

Dry Clean Ulcers 

Wound care includes debridement of callus, application of sterile dressings, and 
frequent inspection. Dry dressings are used in casts; otherwise, saline-moistened 
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Sterile gauze is applied and changed two to three times a day. Occlusive dressings 
also appear to be satisfactory. The efficacy of topical growth factors has not been 
conclusively established. Topical iodine preparations, astringents, and hydrogen 
peroxide interfere with the healing of the wound. Foot soaks and whirlpool therapy 
are rarely effective and may lead to further skin maceration or wound breakdown 
[19]. When healing has occurred, weight bearing is gradually introduced and in- 
creased with the use of accommodative footwear to protect the wound. 

Infected Ulcers 

Sharp debridement, usually in the operating room, allows for thorough removal of 
all necrotic material and diminishes the bacterial load, and so promotes healing 
[12]. All necrotic bone, plus a small portion of the uninvolved bone, soft tissue, and 
devascularized structures, should be excised, and the degree of penetration of the 
infection should be established. Curettage of any exposed or remaining cartilage is 
important to prevent this avascular structure from becoming a nidus of infection. 

The use of moist dressings on clean, granulating wounds improves the wound 
environment [20]. The dressings not only provide protection against further 
bacterial contamination but also maintain moisture balance, optimize the wound 
pH, absorb fibrinous fluids, and reduce local pain. A variety of dressings are 
currently available that can be targeted to specific characteristics of the wound. 
However, moist normal-saline dressings are probably sufficient for the majority 
of wounds [21]. These inexpensive dressings are highly absorptive of exudative 
drainage and maintain the moist environment. 

With extensive wound infections and rampant cellulitis, use of a topical anti- 
microbial agent such as sulfadiazine or mupirocin may be help to reduce the 
bacterial load and serve as a chemical barrier to exogenous pathogens. Caution 
in the use of such medications is warranted to avoid selecting resistant organisms 
and preventing wound drainage [18]. 



Amputation 

Between 30 % and 50 % of diabetics with critical ischemia will reach this terminal 
phase. It is crucial to obtain hemodynamic, angiographic data, and systemic tests, 
in order to properly plan the necessary level for amputation. In well-perfused feet 
the amputation level can be “functional”, at either the digital or transmetatarsal 
level. Major amputations are necessary in extremities with critical ischemia, with 
or without gangrene, after hemodynamic and angiographic parameters indicate 
no possibility of revascularization [22]. 



Minor Amputations 

Toe Amputation 

Tissue resection is minimal leaving a functioning foot. 
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Indications 

Lesions located in the distal phalanges - well-demarcated dry gangrene, neuro- 
pathic ulcers, or osteomyelitis - with healthy skin in the base of the toe, to cover 
the wound. 

Contraindications 

• Gangrene or infection that includes the soft tissue of the proximal phalanges 

• Septic arthritis of the metatarsophalangeal joint 

• Cellulitis that penetrates the foot 

• Involvement of the interdigital space 

• Intense pain in the remaining toes 

Technique 

A “racquet” shaped incision is recommended. The tissues should be severed from 
the incision line directly down to the shaft of the phalanx and dissection of tissues 
should then continue proximally as close to the bone as possible, to avoid the pos- 
sibility of damaging the digital vessels laterally and thus compromising the blood 
supply to the flaps and other digits. 



Transmetatarsal Toe Amputation 
Indications 

Lesions involving the proximal phalanges and the metatarsophalangeal joint. 
Contraindications 

• Septic arthritis of the metatarsophalangeal joint 

• Cellulitis that penetrates the foot 

• Involvement of the interdigital space 

Technique 

A “racquet” shaped incision is recommended. The head of the metatarsal should 
then be removed with nibbling forceps preventing damage to the surrounding 
tissues. The bone should be nibbled back until the soft tissues fall in to cover 
approximately half of the cut end of the bone. Tendons should be pulled down 
with forceps, severed, and allowed to retract. The incision should not be sutured 
but rather packed lightly with ribbon gauze, to limit bleeding, and allowed to heal 
by secondary intention. 



Atypical Foot Amputations 

Atypical amputations involve the removal of all necrotic soft tissue and affected 
bony structures. The limit of bony resection must be located in the distal part 
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of the metatarsal, since a more proximal line of amputation does not result in a 
functional foot. If a more limited amputation cannot be performed, it is better to 
proceed with a below-knee amputation. The skin is usually left open so that heal- 
ing is by secondary intention. 



Transmetatarsal Amputation 

Transmetatarsal amputation includes all phalanges and the head of metatarsal 
bones, preserving acceptable function without the need for a complex process of 
rehabilitation. 

Indications 

Lesions that include several toes and the interdigital spaces. 

Contraindications 

• Extensive deep fascial infection 

Technique 

A dorsal midmetatarsal transverse incision is made. Metatarsal bones are divided 
1-2 cm proximal to the skin incision. The plantar flap is brought forward over the 
metatarsals and cut to the appropriate length to allow closure without tension. 

Major Amputations 

Below-Knee Amputation 
Indications 

• Failure of transmetatarsal amputation 

• Gangrene of the foot that invades the metatarsal region and precludes ampu- 
tation at this level 

Contraindications 

• Extensive gangrene of the leg 

• Patient who is unlikely to benefit from a below-knee prosthesis 



Amputation: Long Posterior Flap Technique 

The stump should be as short as possible to maximize the chances of healing but 
long enough to allow optimal use of a below-knee prosthesis. The level of the 
bony section is marked at approximately 13-15 cm distal to the knee joint line. The 
midmedial and midlateral line of the lower leg is marked at the same point, and 
the two points are connected over the anterior aspect of the leg. The apex of the 
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posterior flap is approximately 15 cm distal to this line. The flap is based on half 
the circumference of the leg to maximize the blood supply from above. The muscle 
of the anterior and lateral compartments is divided to expose the fibula, ligating 
the anterior tibial vessels. The fibula is divided with a lateral bevel 1.5 cm proxi- 
mal to the tibial line. The tibia is divided with an anterior bevel and the lower leg 
removed by dissecting the posterior flap away from the bones. The bulk of the 
flap should be reduced by complete removal of the soleus muscle, which does not 
contribute to the blood supply of the flap. 



Above-Knee Amputation 
Indications 

• Failure of healing below the knee 

• Patient who is certain not to benefit from a below-knee prosthesis 

The site of division of the femur should not be more than 12 cm from the knee 
joint line to allow room for the knee mechanism in the prosthesis. The minimum 
length of stump that can be used to fit an above-knee prosthesis is 7.5 cm below 
the adductor muscle insertion. If the amputation must be shorter than this and 
it is hoped eventually to fit a prosthesis, a hip disarticulation should be performed, 
as this allows better fitting of a prosthesis and reduces weight. 

The bone end should be rounded off and covered by suturing the deep fascia 
of the posterior flap, with its attached muscles, to the same structures anteriorly. 



Guillotine Amputation 

Indicated when the infection has destroyed the architecture and function of the 
foot. Consists of a cross-section, over the malleolus and perpendicular to the axis 
of the leg, of the skin, soft tissues and bones. Once the infection is controlled a 
conventional amputation is performed. 



Controversies 

• The efficacy of topically growth factors has not been conclusively proven [23, 
24]. The addition of G-CSF to the treatment does not reduce the duration of 
antibiotic administration, duration of hospital stay, or need for amputation in 
diabetic foot infection [25]. 

• Topical iodine preparations, astringents, and hydrogen peroxide interfere with 
the healing of the wound [26, 27]. In a double-blind randomized trial, topical 
hyperbaric oxygen was not beneficial [28]. 

• Treatment of osteomyelitis has traditionally included aggressive surgical 
debridement or limited amputation of infected bone (Diagram 2). A 10- to 12- 
week course of antibiotics has been reported to cure pedal osteomyelitis with- 
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out the need for surgical debridement [17, 29]. However, these studies included 
patients in whom the diagnosis of osteomyelitis was based solely on plain X- 
rays and technetium bone scans, and the conclusions may not be relevant to 
patients with more advanced disease. At present, it is difficult to recommend a 
single approach to the diagnosis and treatment of pedal osteomyelitis in dia- 
betic patients, and clinical judgment is required. Patients with limb- or life- 
threatening infections must undergo early aggressive drainage and debride- 
ment of all necrotic tissue, including bone. In some patients with less serious 
infections, a cycle of prolonged antimicrobial therapy may be a reasonable ap- 
proach [3]. 



Critical Factors and Decision Making 



• Blood sugar control retards the progression of neuropathy, the most important 
risk factor for ulceration. 

• Early detection of the loss of protective sensation and implementation of stra- 
tegies to prevent ulceration will reduce the rates of limb-threatening compli- 
cations. Education in foot care, proper footwear, and close follow-up are required 
to prevent or promptly detect neuropathic injury. 



General principles 

• Metabolic control 

• Grade 0 
Preventing and edu- 
cation of patients 
Vascular and radiolo- 
gical assessment 

• Grade 1 
Antibiotic therapy 
Relief of pressure 
Bone removal If 
necessary 
Revascularization if 
necessary 

• Grade 2 
Debridement 

• Grade 3 
Hospital admission 
Surgical debridement 

• Grade 4 

Minor amputation 

• Grade 5 

Major amputation 



Antibiotic therapy 

1. Non-limb-threatening 

- Outpatient care 

- Previously untreated. 
Limited in extent. 

- Oral regimen (Cepha- 
lexin, Clindamycin, 
Amoxicillln-clavulanate) 

2. Limb-threatening 
infection 

- Chronic recurrent. 

- Hospital admission. 

- Parenteral regimen 
[Ampiclllin-sulbactam, 
Piperaclllln-tazobactam, 
ticarclllln-clavulanate 

or clindamycin + 
(ceftriaxone / cefotaxime 
or fluorquinolone or 
aztreonam)] . 

3. Life-threatening 
infection 

- Septic, severe 

- Parenteral regimen 

[ (Imipenem-cllastatin, 
meropenem or trova- 
floxacin) + Vancomycin]. 

4. Osteomyelitis 



Surgical treatment 

• Local wound care 

- Dry clean ulcers 

- Infected ulcers 

• Amputations 

Minor 

-Toe 

-Transmetatarsal 
digital amputation 

-Transmetatarsal 

-Atypical amputation 

Major 

- Below-knee 
amputation 

- Above-knee 
amputation 

- Guillotine 
amputation 



Diagram 3. Principles of treatment of diabetic foot treatment 
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• If ulceration occurs, removal of pressure from the site of the ulcer and careful 
management of the wound will allow healing in most cases. The failure to he- 
al despite these measures should prompt a search for associated arterial insuf- 
ficiency. 

• If infection is present, appropriate antimicrobial therapy combined with im- 
mediate surgical intervention, including revascularization when necessary, 
will increase the chances of saving the limb. 
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Invited Commentary 

Yenumula R Reddy, Satish C. Khaneja 



Foot infections in a diabetic population are cared for by a variety of specialists 
including physicians, podiatrists, general surgeons, and vascular surgeons. It is 
estimated that 35 % to 40 % of the diabetic foot ulcers will result in a major am- 
putation within 3 years [1]. 



Diagnosis 

The authors have appropriately emphasized preventive measures, the mainstay 
in extremity preservation in a diabetic population. However, once infection sets 
in, prompt and complete treatment is mandatory to avoid its devastating con- 
sequences. 

At the outset a decision needs to be made: is the blood supply to the foot nor- 
mal, indeterminate, or inadequate? A clearly palpable, bounding dorsalis pedis or 
posterior tibial pulse will exclude ischemia. It is worth emphasis that the presence 
of a femoral or popliteal pulse does not exclude leg or foot ischemia in a diabetic 
patient. Obvious signs of ischemia are generally recognized, but the difficulty is 
in the group with marginal blood supply where the extremity is at risk in the pre- 
sence of infection. 

We classify acute infections in patients with normal blood supply into three 
broad groups: 

1. Superficial cellulitis 

2. Deep-seated infection 

3. Potentially life-threatening infection 
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The clinical problem lies in differentiating superficial cellulitis from deep-seated, 
limb-threatening infection. When one encounters an inflamed, swollen toe in a 
diabetic patient, this distinction is not so obvious and the onus is on the clinician 
to ensure that a deep-seated infection with possible involvement of bone or ten- 
dons does not exist. Because this distinction is often unclear at the time of initial 
presentation, we recommend initial therapy with broad-spectrum antibiotics 
and extensive use of imaging, including CT scan or MRl and bone scan. The extent 
of the necrotic tissue, involvement of joints, and the presence of gas in the soft 
tissues is well delineated with the CT scan, while MRI is both sensitive and spe- 
cific in detecting osteomyelitis. In cases where MRI is inconclusive, triple phase 
isotope bone scan using “findium-tagged WBC is helpful in detecting osteomy- 
elitis [2]. 



Antibiotics 

The choice of an appropriate antibiotic agent depends on the causative microbes. 
The optimal method of obtaining specimens for isolating pathogens is contro- 
versial. The portal of entry of an ulcer is often contaminated. Thus, the ideal 
method of isolating representative pathogens is by deep tissue biopsy where 
the chance for contamination is minimal. Belief that antibiotic selection can be 
based on superficial wound swab culture may lead to under-treatment. Our 
policy is to treat all infections with broad-spectrum antibiotics; in cases where 
the skin is intact, therapy is continued empirically until the clinical response 
and imaging studies exclude deep-seated infection. Superficial cellulitis that 
does not resolve in 2-3 days suggests deep tissue infection. In patients with 
open wounds, we perform a deep tissue biopsy prior to starting antibiotics, and 
coverage is changed as necessary. There is a compelling need for prospective 
studies correlating cultures from superficial wound, deep tissue and bone [3]. 
The choice of antibiotic is based on microbial etiology, severity of infection, 
presence or absence of osteomyelitis, vascular status of the limb, etc. Of these, 
vascular status of the limb is particularly important, since the antibiotic must 
reach the site of infection before it can act on bacteria. Agents that penetrate 
into tissues effectively such as fluoroquinolones and ampicillin/sulbactam are 
good choices in this context. In the presence of osteomyelitis, imipenem/ 
cilastatin and ampicillin/sulbactam are both effective with cure rates of 81 % 
and 85 % respectively [4]. 



Source Control 

Surgical treatment is the mainstay of treatment for limb and life-threatening in- 
fections. Meticulous debridement of all infected and necrotic tissues including 
the interfascial planes, where the infection can track quite extensively, is crucial. 
If the bone or joint space is involved, it must be removed, accounting for the 
classical amputations - ray amputation of toe, if the infection is confined to in- 
dividual toe, and transmetatarsal amputation, if the whole of the forefoot is in- 
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volved. Any uninvolved medial or lateral digit - even if only a single digit - should 
be preserved, no transmetatarsal amputation performed. In the presence of 
palpable pedal pulses, these procedures can be safely accomplished without the 
fear of nonhealing. However, if there is gangrene involving a major portion of the 
foot, or if extensive debridement is required, a major amputation - preferably 
below knee, or even above knee, depending on the condition of the leg - is re- 
commended. 

A complete debridement and a good blood supply are necessary at the site of 
amputation. When clinically appropriate, it is preferable to undertake a lesser 
amputation and accept the need for revision, rather than perform a higher am- 
putation at the outset. Following debridement, we leave all the wounds open, as 
the failure rate with primary closure is high. Wounds are also left open following 
major amputations, and guillotine amputation is the procedure of choice in the 
presence of spreading cellulitis. Deep seated infections are treated with drainage, 
debridement of all nonviable tissues and, with the wound left open, covered with 
skin grafts or tissue flaps as necessary. 



Revascularization 

Revascularization has an important role in the source control of infection in the 
diabetic foot. It helps to control infection by improvement of circulation, and it 
increases delivery of antibiotics to the infected tissues. Arterial insufficiency is 
present in 20% of diabetic patients with lower extremity ulceration [5]. When 
pedal pulses are not palpable, demonstration of biphasic flow in the pedal arteries 
using arterial Doppler is helpful in excluding ischemia. The traditional 
ankle/brachial index can be spuriously high in diabetic patients. If there is 
evidence of ischemia, angiography is mandatory in planning further treatment. 
Customary signs of infection in an ischemic foot may be absent, and a seemingly 
innocuous infection in the presence of ischemia has devastating consequences. 
Aggressive revascularization, usually a femoral or popliteal artery bypass to the 
peroneal or tibial, or even plantar, arteries (using vein grafts) is the approach of 
choice. Correction of inflow in the iliac, femoral, or popliteal artery alone, in the 
presence of distal obstruction, is unlikely to achieve control of infection. Aggressive 
use of in situ or reversed vein bypass appears to be a reasonable option. Patients 
with severe infection are debrided immediately and revascularization is under- 
taken expeditiously, generally within 2-3 days. Waiting for the infection to resolve 
completely in an ischemic foot before revascularization can be devastating. Under 
these circumstances, the revascularization procedure itself helps to control the 
infection by providing good blood supply and delivering antibiotics. 

While extremity salvage is the main objective of treatment, a common-sense 
approach should prevail when treating patients who are nonambulatory, with 
nonfunctional limbs, and nonreconstructable distal vessels. A high amputation 
is safe in these cases. 
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Osteomyelitis 

Another controversial issue is the treatment of osteomyelitis in the absence of 
clear indications for surgery such as necrosis, gangrene, or abscess. Medical 
therapy alone, using long-term antibiotics is successful in 53%-87% of cases [6]. 
In patients with osteomyelitis of the phalanx and metatarsal head, limited 
amputation may be more cost-effective. In retrospective studies comparing early 
limited amputation and long term antibiotics, future above knee amputation rates 
were significantly lower in patients managed surgically when compared to those 
managed medically (13 % vs. 28 %) [7]. 

Foot infections in diabetic patients will continue to challenge the clinicians for 
some time. It is important that we develop more precise staging and classification 
systems to simplify treatment algorithms. 
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Key Principles 

• Determine nature and extent of infection. 

• Institute appropriate antimicrobial treatment. 

• Perform surgical debridement and drainage, if necessary. 

• Institute early measures to preserve hand function. 



General Approach 

Nature and Extent of Infection 

It is important to differentiate between the early stages of infection and the for- 
mation of an abscess. In the former, nonoperative measures are usually sufficient 
to abort the progression towards purulence, while in the latter surgical drainage 
is required. 

Classically, hand infections can be classified according to their anatomic loca- 
tion. A simplified classification is provided (Table i). 



Fingertip Infections 

A paronychia [i] is an infection of the lateral soft tissue fold surrounding the 
fingernail. Acute paronychia is most commonly caused by penetrating trauma, 

Table 1. Anatomical classification of hand infections 

Infections of the fingertip 
Acute paronychia 
Chronic paronychia 
Felon 

Deep subfascial space infections 
Subaponeurotic space 
Thenar space 
Midpalmar space 
Hypothenar space 
Interdigital (web) space 
Parona’s space 

Flexor tenosynovitis 
Finger tenosynovitis 
Radial or ulnar bursa tenosynovitis 
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nail biting or manicures. Staphylococcus aureus is the usual infecting organism. 
Chronic paronychia is an entirely different and much more difficult disease to 
treat. It usually occurs in hands repeatedly exposed to moist or alkaline en- 
vironments and is commonly found in bartenders, housekeepers, and swim- 
mers. Candida albicans is cultured in 95 % of cases. A felon [1] is a subcutaneous 
abscess of the distal pulp of the fingertip. Penetrating trauma, sometimes suffi- 
ciently inconsequential to have been forgotten, is the main cause. The clinical 
picture is characterized by rapid onset of throbbing pain and swelling of the 
entire pulp. S. aureus is usually the causative organism, but opportunistic mixed 
organism infections are being increasingly encountered in immunocompro- 
mised patients. 

Deep Subfascial Spaces 

Infections of the potential deep subfascial spaces [2] comprise about 10 % of hand 
infections. These infections are characterized clinically by painful swelling over 
the site of the infection. Pitfalls in their evaluation include underestimation of the 
amount of pus collected in these spaces and the differentiation between cellulitis 
and abscess.^Collar button” (hour-glass shaped) abscesses may be found in web 
space infections. Pyogenic flexor tenosynovitis [3] is a closed space infection of 
the finger or thumb flexor tendon sheath, or the radial and ulnar bursae. If un- 
recognized and treated too late, this condition can result in significant morbidity 
and loss of function. The classic clinical presentation was described by Kanavel 
[4] a century ago. The clinical signs include tenderness over the course of the 
entire sheath, a semi-flexed posture of the affected digit, pain on passive exten- 
sion, and symmetrical swelling of the entire finger. The etiology is penetrating 
injury and the most common infecting bacteria are Staphylococcus and Strepto- 
coccus species. 



Human Bite Infections 

Human bite infections are particularly virulent, and a relatively common pro- 
blem [5]. There are four basic mechanisms: 

1. Self-inflicted wounds from nail biting or sucking a bleeding wound 

2. Traumatic amputations of a finger 

3. Full thickness bites 

4. The clenched-fist injury sustained when the patient strikes the mouth and teeth 
of another person, impaling the areas over the third, fourth or fifth metacar- 
pal heads; as a result, penetration of several spaces within the hand occurs 

The complex flora of the human mouth adds to the challenge of treating these in- 
juries. There may be 100 million organisms per milliliter of saliva and over 42 
species of bacteria [6]. However, not all organisms are pathogenic. The most com- 
monly isolated bacteria are Staphylococcus, Streptococcus, Eikenella corrodens 
and anaerobes. 
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Antimicrobial Treatment 

All patients with a traumatic hand infection should have appropriate tetanus pro- 
phylaxis. Early, acute fingertip infections can be treated with a few days of an 
antistaphylococcal antibiotic. In chronic paronychia, antifungal ointment is often 
prescribed but is generally unsuccessful; surgical eponychial marsupialization is 
usually effective. When surgical drainage of an abscess is required, adjunctive anti- 
biotic treatment is given for several days postoperatively, first intravenously then 
orally. In most cases, an antistaphylococcd cephalosporin like cephazolin is ade- 
quate. However, Gram stain and cultures and sensitivities should be obtained rou- 
tinely and treatment adjusted accordingly. Aerobic and anaerobic cultures are ade- 
quate for uncomplicated cases. Specidized stains, including fungal or atypical 
mycobacterial cultures or biopsy studies, are ordered in unusual infections such as 
those occurring in diabetics, in immunocompromised patients, and in those with 
chronic infection. Hand infections in diabetics tend to be more aggressive and are 
complicated by delayed wound healing. Gram-negative bacilli are causal organisms 
in a high proportion of these patients and it is therefore recommended that initial 
therapy include an aminoglycoside. In human bite infections, current antibiotic re- 
commendations include penicillin to cover anaerobes and Eikenella corrodenSy and 
a cephalosporin for staphylococci. Of note, Eikenella corrodens is resistant to oxa- 
cillin, methicillin, nafcillin, most aminoglycosides, and clindamycin. It is sensitive to 
penicillin G, ampicillin, carbenicillin, and tetracycline [5] . Another antibiotic option 
for human bite infections is ampicillin-sulbactam or amoxiciUin-clavulanic acid [7] . 



Surgical Treatment 

When the diagnosis is made early, within 24-48 h of injury, during the cellulitic 
phase, conservative treatment with hand elevation and antibiotics may be sufficient. 
The infection must be monitored and, in the absence of rapid improvement, 
surgical treatment must be considered. Once an infection has progressed to the 
stage of suppuration, adequate debridement and drainage of pus are indicated. 

Several principles of surgical treatment need to be followed [7] . Even seeming- 
ly minor fingertip infection requires well-equipped facilities and appropriate 
instruments. Adequate anesthesia may be regional (axillary, wrist, or finger 
block) or general. Infiltration of local anesthetic into an infected area is contra- 
indicated. A tourniquet is used and the arm is elevated but not exsanguinated prior 
to elevation. Operative exposure is planned to allow wide opening of the infected 
space. Straight incisions heal better than curved ones. Superficial staphylococcal 
abscesses heal well with simple drainage and irrigation. Deep or polymicrobial 
infections may require additional debridement of devitalized tissues. Intra- 
operative saline irrigation may be performed with a bulb syringe or pulsatile 
device. Incisions are left open to heal by secondary intention; they are lightly 
packed with a moist dressing and the hand is splinted in a bulky dressing and 
elevated. Constricting bandages should be avoided. The wound should be re- 
inspected at 24-48 h and dressings at the bedside should be continued two or three 
times a day. The patient is encouraged to soak the hand daily in sterile water or 
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a mild antiseptic. In the absence of improvement after 2-4 days, adjustment of the 
antibiotic regimen or reexploration for a purulent collection is considered. 
Catheter irrigation is often used in the treatment of acute pyogenic flexor teno- 
synovitis, and has the advantage of limiting the incision and therefore promoting 
more rapid healing and rehabilitation. The catheters are left in situ postopera- 
tively for a variable period of time. 

Preservation of Hand Function 

Preservation of function is an extremely important component of the treatment. 
Hand elevation should be started immediately in order to decrease edema. Early 
active motion assists in minimizing edema and avoiding the formation of tendon 
adhesions, joint contractures, and stiffness. When available, the expertise of a 
hand therapist is invaluable postoperatively to instruct the patient and supervise 
the graded introduction of activity as the pain decreases. The early incorporation 
of the hand and extremity into daily activities is encouraged to improve motion 
and strength and avoid neglectful disuse. 



Controversies 

Controversies of operative technique are beyond the scope of this text. Open treat- 
ment of the wound versus primary closure is still being debated. A minority of 
surgeons make a plea for primary closure over a drain, or the insertion of a 
catheter for continuous wound irrigation with sterile isotonic saline [8], at a rate 
of looml/h for 24-48 h. The claimed advantages of this technique are improved 
mechanical cleansing of the infected cavity and primary wound healing. 



Critical Factors and Decision Making 

Adequate decision making in the treatment of hand infections includes the 

following steps: 

• Correct diagnosis of the nature of the infection: typical versus atypical, cellulitis 
versus abscess 

• Identification of host factors: healthy versus immunocompromised 

• Identification of the anatomic site of the infection 

• Appropriate use of antibiotics either alone or in combination with operative 
treatment 

• Extent of exploration of the presumed site of infection and adequacy of debride- 
ment 

• Management of the wound: open versus primary closure 

• Interpreting failure to improve postoperatively: inappropriate adjunctive anti- 
biotic treatment versus inadequacy of surgical drainage 

For septic arthritis of the hand, see Chap. 27. 
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Diagram i. Algorithm for management of hand infections 
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Invited Commentary 

Werner Weissenhofer 



The author has pointed out that the unique nature of hand infections arising 
from the distinctive anatomical structures of the hand necessitates special con- 
cepts of treatment and surgical techniques. 

It is important to note that there are differences in the volar and dorsal aspect 
of the hand. The volar aspect is divided by a multitude of delicate but rigid fibrous 
bundles reaching down from the skin to the aponeurosis of the hand and the 
periostium of the digits and metacarpals; whereas the skin of the dorsal aspect 
of the hand is loosely bound to the deeper structures, creating a large potential 
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space. Thus, dorsal infections often present as abscesses and are treated accor- 
dingly. Nevertheless, due to lymphatic drainage of the volar aspect towards the 
dorsum of the hand the collateral dorsal edema may be just a symptom, while the 
actual site of infection is on the volar aspect. 

Although the author states that surgical intervention has to be timely, it must 
be emphasized that the earliest possible intervention has to be chosen, i.e., during 
the initial inflammatory phase, when swelling, reddening, and pain starts. Liberal 
opening of tendon sheath, debridement, and rinsing, using anatomically correct 
incisions are essential. The rinsing intra- and postoperatively may be augmented 
by antiseptics like povidone iodine. 

I would also like to add a few technical points: In approximately 85 % of cases 
of flexor tenosynovitis, the radial and the ulnar sheath connect at the wrist, and 
therefore an infection of the thumb will result in a V-shaped infection spreading 
to the fifth finger and vice versa. Even the felon - seemingly easy to treat - pre- 
sents pitfalls due to longitudinal fibrous divisions of the fingertip. These divisions 
may lead to infections of the flexor tendon sheath and undetected infection of the 
collateral side. These considerations influence the choice of methods of anesthesia. 
General anesthesia is preferred; if regional anesthesia is used the finger block 
should rarely be considered due to limitations in possible exposure. 

All the entities mentioned by Dr. Saadia have symptoms in common with rare 
diseases like necrotizing fasciitis, mycetomas, syphilitic lesions, and Hanson’s 
disease (a synonym of leprosy). To prevent misdirected operative approaches, 
careful evaluation of each case history is to be recommended. 



Recommended Reading 

1. Murray PM (1998) Septic arthritis of the hand and wrist. Hand Clin 14:587-597 

2. Tsai E, Failla JM (1999) Hand infections in trauma patients. Hand Clin 15:373-386 



Editorial Comment 

The vast majority of hand infections seen in the community are “minor,” but those 
that present to the surgeon in the emergency room are far from being so. The 
novice tends to underestimate the potential significance of hand infection which 
often leads to procrastination, which in turn may result in loss of function, and 
even loss of tissue and disfiguration. 

The same surgeon who assessed the hand on admission and prescribed initial 
conservative therapy ought to examine the hand 6-8 h later. At reexamination the 
hand must be fully exposed. Has the pain decreased? Is the swelling reduced? Can 
the patient move his or her fingers? Lack of improvement, either subjective or ob- 
jective, suggests that there is deep pus or necrotic tissue. In our experience, the 
persistence of extreme local tenderness to pressure commonly indicates that this 
is the point of deep, undrained pus. An initial improvement, however, does not 
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indicate that a subsequent operation will not be necessary: the antibiotics may 
only localize the infection into a drainable abscess. 

Deep palmar infections are in fact a variant of necrotizing fasciitis (Chap. 22): 
at exploration of those deep spaces one does not find much formed pus but the 
gray, flimsy, necrotic tissue typical of necrotizing soft tissue infections. And 
finally, one has to remember that the hand and the fingers are composed of multiple 
compartments subjected to the risks of acute compartment syndrome. Tense- 
swollen fingers and hands, with loss of sensation and/or motor function, should 
be thus urgently decompressed. 




25 Head and Neck Infections 

Mari' A R Jimenez, Jaime Escallon 



Key Principles 

• Head and neck infections are generally controlled without surgical drainage. 
Progression to abscess indicates the need for intervention to achieve source 
control. 

• The clinician must identify infection, and define the topographic diagnosis of 
the disease and the need for prompt and aggressive treatment. 

• A purulent collection or cellulitis in a fascial space of the head and neck requires 
drainage for source control of the infectious process. 



General Approach 

Infections occurring in the head and neck range from mild to severe, may be acute 
or chronic, and can lead to potentially life-threatening complications. Modern 
techniques of diagnosis and treatment have significantly reduced the need for 
surgical intervention. Mediastinal and thoracic extension of head and neck in- 
fections are rare but occasionally occur. 

Head and neck infections are characterized by distinctive anatomic properties: 
easy healing due to abundant vascular supply, and predictable routes of extension 
to the central nervous system (following a retrograde rich venous drainage and 
lymphatic channels), or into the mediastinum through the communicating fascias 
of the neck. Prediction of the routes of extension can help in determining the best 
route of surgical drainage. 

The upper gastrointestinal tract has both an abundant resident flora and the 
defense mechanisms to protect the host from these organisms. Odontogenic in- 
fection, local surgical procedures, cancer, and immunosuppression alter the equi- 
librium, potentially leading to life-threatening problems. 

It is important to understand the anatomy of the fascia and spaces to predict 
the potential routes of dissemination of infection and avoid iatrogenic injuries. 
The fascia of the neck is divided into superficial and deep layers. The subcuta- 
neous tissue of the head and neck comprises the superficial fascia and encloses 
the platysma in the neck, the muscles of facial expression, and the epicranial muscles 
in the scalp. The deep cervical fascia is divided into anterior, middle, and posterior 
layers investing the vessels, nerves, muscles, and viscera in the neck. The pre- 
vertebral fascia divides into two layers lateral to the transverse process. The anterior 
layer is called the alar fascia. The deep cervical fascia communicates with the 
superior mediastinum (pretracheal layer) and the posterior mediastinum (pre- 
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vertebral fascia). The potential space between the alar and prevertebral fascia is 
known as the dangerous space through which infections of the head and neck can 
easily access the thoracic cavity. The ability of the fascia to contain infection 
depends on the thickness of the membrane. The carotid sheath, the prevertebral, 
and pretracheal fascias are characteristically strong membranes, whereas the 
buccopharyngeal fascia is poorly defined. 

Cervical space infections are classified according to their anatomic location. 
Scott proposes one classification (of many) of the spaces of the neck: 

1. Superficial compartment 

2. Floor of the mouth 

a) Sublingual space 

b) Submandibular space 

c) Submental space 

3. Masticator space 

a) Temporal space 

b) Submasseteric space 

c) Superficial pterygoid space 

4. Parapharyngeal space 
a) Deep pterygoid space 

5. Parotid compartment 

6. Paratonsillar space 

Infection of the submandibular compartment usually arises from odontogenic in- 
fections. The treatment includes antibiotics, dental extraction, and extraoral surgical 
drainage to obtain dependent drainage. Incision is made below the inferior margin 
of the abscess avoiding injury to the facial artery and vein and the marginal man- 
dibular branch of the fascial nerve. Infection of sublingual space originates from 
lower molars, surgical trauma, or inflammation of the sublingual and/or subman- 
dibular glands. Dependent drainage of the abscess is best achieved by an extraoral 
incision. Infection of the masticator compartment originates most frequently as a 
result of infection involving the third molar. This space communicates with the 
submandibular and lateral pharyngeal spaces. Infection can also extend into the 
orbit. The treatment includes a course of antibiotics before considering surgical 
drainage [1, 8]. The parapharyngeal compartment is an inverted cone shaped space 
with its base at the skull, extending interiorly to the hyoid bone. Infections from the 
parotid, pharynx, and tonsilar region or from dental pathology can extend into this 
space. A CT scan is necessary for accurate diagnosis and to determine the extent of 
the involvement. Source control of the infection must be performed through an ex- 
ternal approach because of the possibility of a pseudoaneurysm of the carotid 
artery. The retropharyngeal compartment encloses the esophagus, trachea, and 
thyroid gland. It can communicate with the prevertebral space and thus infection 
can extend into the superior mediastinum. Lymphadenitis in children, endoscopic 
instrumentation, or trauma to the pharynx can result in retropharyngeal space in- 
fection. Dependent drainage is achieved by an extraoral approach with a horizon- 
tal incision in the carotid triangle of the neck in adults, whereas the preferred 
approach in children is transpharyngeal. The causes of infection of the visceral and 
carotid sheath compartments include intravenous drug use and esophageal perfo- 
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ration. Infections in both spaces can readily extend to the mediastinum; direct sur- 
gical drainage is necessary to control the problem. 

Infections such as suppurative sialoadenitis and cervical necrotizing fasciitis 
represent a challenge for diagnosis and source control. Acute suppurative 
sialoadenitis includes parotitis and infections in the submandibular gland. Ab- 
scess formation in the parotid is difficult to diagnose clinically because of the 
dense investing fascia of the gland. When antibiotics fail to control the infection, 
CT scanning and surgical drainage is indicated; the optimal approach is direct 
drainage of the abscess using an incision parallel to the branches of the facial nerve 
as far anteriorly as is feasible to avoid potential injury to the main trunk of the 
nerve. Chronic submandibular gland sialoadenitis is generally the result of ob- 
struction produced by a ductal stricture or stone. Stones should be removed from 
the duct by an intraoral approach if located within 2 cm of the ductal orifice. If 
located further posteriorly, the options are to treat expectantly if the symptoms 
are mild, or to perform a formal submandibular gland excision if severe infection 
is present. Cervical necrotizing fasciitis is a rare soft tissue infection that occurs 
mainly in compromised hosts following various minor procedures and local 
infections. The initial appearance of the skin resembles cellulitis or erysipelas. 
However, the patient is toxic and presents clear systemic manifestations of sepsis. 
Early aggressive surgical debridement is the most important element of therapy 
after hemodynamic stabilization. Delayed diagnosis and limited or inadequate 
resection results in higher mortality, as suggested in early reports [2] and more 
recent retrospective cohort studies [3]. 



Critical Factors and Decision Making 

Information from the history, physical examination, and radiological studies is 
integrated to identify severe infections such as cervical necrotizing fasciitis or 
mediastinitis, the source and predictable routes for the extension of the infection, 
and the need for adequate airway control. The possibility of associated airway 
obstruction, generally within 24 b of hospitalization, has to be kept in mind. 
Retropharyngeal abscess, lateral pharyngeal abscess, bilateral sublingual and 
submandibular cellulitis (Ludwig’s angina) can produce airway obstruction, and 
necessitate endotracheal intubation or tracheotomy. Patients with signs of partial 
airway obstruction (sore throat, labored breathing, changes in voice quality, or 
tachypnea) should be considered for intubation. Patients with trismus or elevation 
of the floor of the mouth require an emergent procedure. If the cords are not 
visualized, oral intubation is discouraged and intubation with the use of fiberoptic 
laryngoscope should be considered. Blind nasoendotracheal and retrograde in- 
tubation should be discouraged. A surgical airway is recommended for patients 
requiring an emergent airway, or when other measures of intubation fail [4]. 

In a logistic regression analysis of patients with severe deep neck infections, 
Chen et al. [5] found that the presence of an underlying disease, neck swelling, 
and delayed diagnosis were all associated with a higher risk for the development 
of lethal complications. Others have reported a more severe clinical course and 
poorer diagnosis in immunocompromised hosts such as diabetics [6]. 
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In addition to the timing, it is important to determine the exact location and 
the extent of the abscess in order to determine the optimal placement of the 
incision. Generally it is easy to identify the cause of the infection. However, in 
some cases the etiology is difficult to determine. Dental radiographs help to 
determine the etiology of odontogenic infection. Soft tissue X-ray films provide 
information regarding extension of the process to the sinuses or to the retro- 
pharyngeal region. CT scanning is the single most effective tool to differentiate 
cellulitis from abscess. Magnetic resonance imaging (MRI) is as sensitive as CT, 
but not as specific for collections. Labeled white blood cell scanning [7] has helped 
to define the magnitude of the disease, but does not play a significant role in acute 
infections. 

The traditional approach to peritonsillar abscess has been immediate or de- 
layed tonsillectomy because of the high rate of recurrence (up to 25 %), failure to 
control the source of infection, and the frequent presence of bilateral infection. 
However, some authors have advocated drainage of the abscess alone, by incision 
or aspiration with an 18-gauge needle [8]. Tonsillectomy is considered for patients 
with previous peritonsillar abscess, repeated episodes of acute or chronic ton- 
sillitis, systemic toxicity, or airway obstruction [9]. 



Changing Practices and Controversies 

Traditionally, source control of head and neck fascial space infections was indicated 
only in the presence of a defined abscess. However, recent literature supports in- 
cision and drainage of an infectious process when areas of cellulitis are located in 
potentially dangerous tissue planes, or in patients with clinical signs of severe in- 
fection [10]. Surgical management of fascial space infections generally requires a 
generous incision and adequate drainage of the area performed in the operating 
room with the patient under general anesthesia. The treatment must include the 
removal of the cause as early as possible to prevent recurrence. Incisions in the 
skin or mucosa should be placed in healthy skin and positioned to achieve de- 
pendant drainage, preserving important anatomic structures and minimizing 
cosmetic sequelae. Drains should be left in place until the drainage becomes mi- 
nimal. For multiple deep space infections multiple incisions are required. 

Recent diagnostic and therapeutic advances such as fiberoptic sinus endoscopy 
and better understanding of the physiology of the sinuses has changed the sur- 
gical approach to paranasal infections. The aim of therapy is to relieve the cause 
of the obstruction of the middle nasal meatus more than to control the secon- 
dary infection. Treatment of acute sinusitis includes decongestants and empiric 
antibiotics. Failure to show response after 24-48 h of treatment indicates the pre- 
sence of an abscess and the need for external drainage. 



Conclusion 

Evidence-based support defining optimal approaches to source control for patients 
with head and neck infections is limited. The applicability of guidelines derived 
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from this methodology is highly influenced by a number of factors best evaluated 
by a consultant experienced in the process of surgical decision making in infec- 
tions. The formulation of general principles does not lead necessarily to an easy 
implementation of treatment algorithms. 
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Drs. Jimenez and Escallon have done an excellent job in elucidating the key 
issues in source control in this anatomical area, as there is a paucity of evidence- 
based guidelines for this site. The anatomical complexity of the head and neck 
makes decision-making additionally difficult. 

The authors have correctly described the most common sources for develop- 
ment of infections in the head and neck, i.e., the teeth, salivary glands, paranasal 
sinuses, oropharyngeal mucosa, and tonsils, but it is important to emphasize that 
inadequate or delayed recognition of the source and delay in initiation of antibio- 
tic treatment is overwhelmingly the cause of abscess development. Further, with 
dental infection as the commonest cause of deep cervical space infection, the role 
of the dentist in diagnosis and early drainage of periapical abscesses and extrac- 
tion of unsalvageable carious dentition is substantial, and should be appreciated by 
the surgeon who cares for patients with infections of the head and neck [1]. 

The anatomical description of the fascias of the neck in this chapter helps in 
understanding the route of progression of head and neck infections. It under- 
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scores that the fascial compartmentalization of the neck is a key factor in pro- 
gression, but conversely that it may delay clinical diagnosis of abscess formation, 
impair adequate surgical drainage, and so result in life-threatening airway 
obstruction or mediastinitis. All suspected cervical space infections should be 
expeditiously imaged by CT, and operated upon if the imaging shows any suspicion 
of infection. 

The section on airway management in this chapter is useful for the clinician 
and the potential difficulties in airway control cannot be overemphasized. The 
authors state the obvious, but it bears repeating that trismus precludes oral intu- 
bation and so fiberoptic laryngoscopic intubation is an alternative. However, the 
surgeon must be aware that preexistent glottic edema or minor injury to the glot- 
tis at the time of attempted fiberoptic intubation can result in immediate and 
complete airway obstruction and the surgeon must be present and prepared to 
perform an emergency cricothyrotomy or tracheostomy [2]. 

The bibliography for this chapter is short and reflects the fact that there is a 
lack of sound evidence in this area to guide treatment decisions. Treating sur- 
geons therefore are unfortunately forced to fall back on clinical experience in 
the process of surgical decision making in the source control of head and neck 
infections. 



References 

1. Lawson W, Blitzer A (1993) Odontogenic infections. In: Bailey BJ (ed) Head and neck surgery 
- otolaryngology. Lippincott, Philadelphia 

2. Stone DJ, Gal TJ (2000) Practice guidelines for management of the difficult airway. In: Miller J 
(ed) Anesthesia, 5th edn. Churchill Livingstone, New York 




26 Vascular Graft Infections 



Michael S. Dahn 



Key Principles 

• Ideally, diagnostic evaluation of suspected graft sepsis should identify the pre- 
sence or absence of infection, ascertain the offending organism, and define the 
extent of involvement, to determine the extent of graft removal and debride- 
ment No single modality can accomplish these goals, although CT scanning is 
currently the most useful test Diagnostic angiography serves a supplementary 
role, allowing the definition of target vessels, which may be useful for extra- 
anatomic reconstruction in the event of graft removal. 

• Infections due to methicillin-resistant Staphylococcus aureus (MRSA) and Pseudo- 
monas aeruginosa are more virulent. Total graft removal is more frequently 
required for infections involving these organisms. Infections due to S. epidermidis 
are more localized and can frequently be managed with partial graft removal 
followed by extra-anatomic or in situ reconstruction. 

• Repeated radical debridement of the tissues surrounding an infected graft as 
well as debridement of all infected arterial tissue is pivotal for the control of a 
graft infection. 

• Graft preservation is becoming increasingly popular to avoid extensive extirpative 
procedures in association with complex extra-anatomic reconstructions in frail 
patients. 

• Arterial stents are an infrequent but potentially catastrophic source of sepsis. 



Introduction 

The occurrence of vascular graft infections remains a major complication in 
vascular reconstructive procedures. Fortunately, they are uncommon (i.o%> 
2.6 %) but when they occur, they have been associated with a high mortality rate 
(25 %-88 %) [1, 2]. The diagnosis, control, and eradication of graft infections pre- 
sent difficult challenges and there is no clear consensus on their management. 



Clinical Presentation and Diagnostic Methods 

The clinical presentation of vascular infections depends on the anatomic location 
of the process. In extracavitary locations, infections may be diagnosed by physical 
signs such as progressive groin swelling, persistent erythema, the presence of a 
pulsatile mass, or a draining sinus. In contrast, intracavitary graft infections may 
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be asymptomatic or present with much more subtle findings, including malaise, 
back pain, fever, and gastrointestinal bleeding. Generally, radiographic studies 
are performed in order to confirm a clinical suspicion. 

CT scanning is the most effective diagnostic study for establishing this diagnosis. 
Factors that support the diagnosis include persistent perigraft fluid or gas, peri- 
graft soft tissue attenuation (suggesting edema), pseudoaneurysm formation, 
and proximate bowel-wall thickening [3]. All of these changes, except pseudo- 
aneurysm formation, may be present normally in the early postoperative period, 
making it difficult to differentiate graft infection from normal operative site 
changes. Following abdominal aortic procedures, retroperitoneal air should 
largely be reabsorbed by 7-10 days, but in rare instances, may last as long as 4 
weeks. Perigraft fluid collections and hematomas should have resolved by 
approximately 3 months following the original procedure [4]. Persistent air and 
fluid collections beyond these time periods should be regarded as suspicious and 
CT- and/or ultrasound-guided needle aspiration of the fluid collections should 
be considered. Needle aspiration is a valuable diagnostic tool since a positive 
aspirate not only confirms the diagnosis but also identifies the bacteria causing 
the infection, allowing for specific antibiotic therapy. A negative aspirate, how- 
ever, cannot exclude a graft infection since Staphylococcus epidermidis may be 
difficult to culture. Extracavitary (e.g., groin) hematomas tend to persist for longer 
periods compared to retroperitoneal hematomas, so these CT guidelines may not 
be applicable to other tissue regions. Although CT evaluation is considered highly 
accurate in identifying graft infections, reported sensitivities vary over a wide 
range (56%-94%). The lowest ranges of sensitivities tend to be associated with 
low-grade infections in which the clinical manifestations of the septic process are 
minimal. Thus, clinical judgment plays a significant role in making this diagnosis 

[3,5]. 

Additional modalities that may contribute to the diagnostic work-up include 
magnetic resonance imaging (MRI) and gallium and radiolabeled white blood 
cell nuclear imaging. Although little data exist describing the MRI appearance of 
the postoperative prosthetic graft after surgery, some observations have been re- 
ported for the retroperitoneum. MRI can define periprosthetic fluid collections 
to an extent similar to CT, but it can also distinguish subacute and chronic 
hematomas from nonhemorrhagic fluid collections. Signal intensities in Ti- and 
T2- weighted spin-echo sequences progressively decline after aortic reconstruction 
until they reach their lowest values 24 weeks after surgery because of fibrosis. 
Abscesses and necrotic material give relatively high signal intensities in T2- 
weighted spin-echo sequences, in contrast to chronic hematomas, which give low 
signal intensities [6]. Unfortunately, MRI may have difficulty in unequivocally 
identifying gas in the retroperitoneum. 

Nuclear imaging of vascular grafts may be performed with gallium 67, indium 
Ill-labeled white blood cells, or technetium-99m-hexamethazine-labeled white 
blood cells [7-9]. All of these scintigraphic methods have been reported to exhibit 
high (greater than 90 %-95 %) sensitivities and specificities. However, gallium 
imaging is sometimes clouded by hepatic and splenic tracer uptake, surgical in- 
cision uptake, and the presence of gallium in the gastrointestinal tract. Further- 
more, gallium scans take 48-72 h to perform. Indium and technetium scans ap- 
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pear to be comparable; however, technetium is cheaper, more readily available 
and somewhat faster at reaching a diagnostic conclusion. Although these 
methods are accurate, it must be kept in mind that all of them have been reported 
to exhibit both false positives and negatives. A notable benefit of radionuclide 
imaging lies in the ability of these studies to reveal the extent of infection in a 
prosthesis. Thus, the operative planning and the management of an aortic bifur- 
cation graft infection may be improved when the extent of prosthesis involve- 
ment can be determined before exploration. The identification of only a portion 
of graft involvement may increase the options for revisionary surgery. 

Finally, when a draining sinus is present at an operative site, low-pressure in- 
jection of contrast material to produce a sinogram may be a useful approach in 
the assessment of the extent of infection since the contrast will dissect to areas of 
poor graft incorporation. 



Microbiology and Antibiotic Therapy 

Empiric antibiotic therapy for arterial graft infections should be chosen based 
upon knowledge of the expected pathogens. Table i lists the common organisms 
isolated from extracavitary graft infections. The distribution of organism types 
included 43 % pure Gram-positive and 21 % pure Gram-negative cultures, while 
36 % of cultures yielded a mixed growth of Gram-positive and Gram-negative 
organisms [10]. In view of this diversity, the common practice of using a first- 
generation cephalosporin as initial empiric therapy for graft infections should be 
abandoned. Furthermore, the role of methicillin-resistant Staphylococcus aureus 
(MRSA) in vascular infections is increasing, further stressing the importance of 
careful antibiotic selection. A recent review of infrainguinal graft infections 
reported that 100 % of S. aureus infections seen at that institution over the pre- 
ceding 5 years were caused by MRSA [11]. Therefore, initial therapy must provide 
both MRSA and Gram-negative coverage until final cultures become available. 
Combination therapy using vancomycin with antipseudomonal coverage such as 
ticarcillin-clavulanic acid or ceftazidime provides satisfactory coverage. Amino- 
glycosides provide adequate Gram-negative coverage, but carry the risk of toxicity 
associated with this group of antibiotics. Newer Gram-positive agents such as 



Table 1. Common organisms cultured from extremity arterial graft infections in order of decreasing 
frequency [10] 

Staphylococcus aureus 
Staphylococcus epidermidis 
Pseudomonas aeruginosa 
Streptococcus faecalis 
Escherichia coli 
Streptococcus viridans 
Proteus mirabilis 
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quinupristin/dalfopristin or linezolid provide effective MRSA therapy and may 
be substituted for vancomycin. 

The surgical management of infected grafts is partially dictated by the micro- 
biology of the infecting organisms. MRSA and Pseudomonas aeruginosa are par- 
ticularly virulent pathogens. Although management of an infected graft may 
consist of a variety of approaches ranging from complete graft preservation to 
total graft excision, the presence of these two organisms provides increased sup- 
port for total graft removal. However, clinical experience in this area is somewhat 
mixed, reaffirming that culture results should not be the sole criterion determining 
graft management. For example, Chalmers et al. [ii] reported that the only mor- 
talities observed in patients with infrainguinal graft infections involved MRSA 
as the infecting organism. In contrast, Calligaro et al. [12] found Staphylococcus 
aureus to exhibit no greater virulence than other Gram-positive or Gram-negative 
bacteria, although his report did not specify the resistance patterns of these in- 
fections. With respect to Gram-negative bacteria, Calligaro and other authors have 
shown that Pseudomonas aeruginosa is associated with significantly higher mor- 
tality and treatment failure rates during attempts at controlling graft infection, 
and that the presence of this organism should influence the practitioner toward 
total graft excision [12-14]. However, other authors have successfully treated 
Pseudomonas graft infections using complete graft preservation, indicating that 
a conservative approach may still remain a therapeutic option if extra-anatomic 
reconstruction is impossible or a graft excision is considered catastrophic [12, 15]. 



Source Control 

Clinical management of the infected vascular graft requires a comprehensive 
approach, including accurate diagnosis, appropriate antibiotic administration, 
and optimization of cardiovascular support to correct any systemic physiologic 
derangements associated with the septic process. Additionally, if the patient is 
critically ill, primary amputation and graft removal without reconstruction may 
be the most effective approach. This choice requires clinical judgment based 
upon an assessment of the patient’s frailty and the extent of the systemic stress. 

In the absence of critical illness and urgency, the specific operative manage- 
ment will largely be determined by the anatomic extent of involvement and 
possibly the pathologic organism responsible for the infection {vida supra). Al- 
though therapy is frequently categorized depending upon whether the infectious 
process is intra- or extracavitary, management usually consists of one of three 
approaches: complete graft preservation, partial graft removal, or total removal. 



Complete Graft Preservation 

Although the traditional approach to the infected arterial graft has been total 
excision followed by extra-anatomic bypass reconstruction, there is increasing 
interest in selective graft preservation [16]. Enthusiasm for this latter approach is 
driven by the risk associated with graft removal. Complete graft excision may re- 
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quire a difficult dissection followed by a complex revascularization procedure for 
attempted limb salvage, and is associated with a high mortality rate (9 %-36 %) 
and a high limb loss rate (27%-79%) [16]. In contrast, graft preservation is re- 
ported to offer a lower risk and amputation rate, particularly in patients who are 
chronically ill and less likely to tolerate difficult extra-anatomic bypass procedures. 
However, this approach is not universally applicable and requires careful patient 
selection. Calligaro et al. [16] reported that 43% of patients with extracavitary 
(including aortofemoral graft limb) arterial graft infections could be managed 
conservatively. This report recommends graft preservation only if it is patent, the 
anastomoses are intact, and the patient does not exhibit systemic sepsis [17]. 
Management consists of repeated, aggressive operative wound debridement of all 
infected tissue including any exudative peels or films that may be adherent to the 
wound or graft. Local wound care involves application of wet-to-moist dressings, 
which are changed at least three times per day in an intensive care unit environ- 
ment until the anastomosis is covered by granulation tissue or a muscle flap. The 
use of a dilute antibiotic or povidone-iodine solution to moisten the dressings is 
recommended and the occurrence of wound hemorrhage or the development of 
systemic sepsis signals the need to change the management protocol [17]. This 
approach was associated with a hospital mortality rate of 12% and an amputation 
rate in survivors of 13 % [16-18]. When the graft infection involves an infrapopli- 
teal graft segment, the results are significantly inferior. Under these circum- 
stances, mortality and limb loss rates climb to 19 % and 27%, respectively. None- 
theless, it must be recognized that the limited number of outflow target vessels 
present in these patients also limits the use of alternative methods [19]. Additionally, 
as noted earlier, when Pseudomonas was found to be present in the wound, 
selective graft preservation was successful in only 40 % of patients compared to 
71% of those in whom Pseudomonas was not present. 

Conservative treatment of intracavitary (retroperitoneal) aortic graft infections 
has also been advocated as a therapeutic option in high-risk patients [20]. How- 
ever, even supporters of graft preservation approaches recommend that aortic 
graft excision be combined with extra-anatomic bypass, in contrast to the 
management of extracavitary infections where graft preservation may be preferred 
in selected patients. The contraindications to aortic graft preservation include 
systemic sepsis, anastomotic complications, and the presence of immune system 
disorders. Management consists of CT-guided or operative drainage of the peri- 
aortic space, followed by instillation of antibiotic-containing irrigant for an ex- 
tended period (3 weeks) until the effluent becomes sterile [20, 21]. Using this ap- 
proach, 65% of patients were reported to be cured and the mortality rate 
remained low at 18.6 %. 



Partial Graft Excision 

Partial graft removal is most appropriate for the management of an aortofemoral 
graft that becomes infected in a single limb at the groin level. Removal of the in- 
volved limb with extra-anatomic bypass reconstruction carries less morbidity 
compared to total graft excision. The key aspect of this approach is establishing 
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the extent of infection in order to ensure that the proximal aortic shaft remains 
sterile. Radionuclide or CT scanning may be helpful in this assessment, but the 
ultimate evaluation requires direct graft inspection via an extraperitoneal 
operative approach through the lower abdomen. Graft incorporation and absence 
of local infectious signs encourage the surgeon to proceed with division of the 
proximal femoral limb followed by extra-anatomic bypass. Management of the 
infected groin can then be performed through a separate incision, being careful 
to first close all other sites in order to protect the newly routed conduit. The in- 
cidence of recurrent graft infection has been reported to be as high as 44%, 
indicating that there is still significant hazard using this approach [22]. 

Aggressive local control of an infected wound (groin or otherwise) can also be 
combined with in situ graft replacement using prosthesis [23] or autogenous 
superficial femoral vein (SFV) [24, 25]. Use of an in situ prosthetic replacement 
may only be useful in infections caused by organisms such as Staphylococcus 
epidermidis having intrinsically low virulence [26], for example, when S. epider- 
midis is cultured or when the wound or graft culture remains persistently nega- 
tive, suggesting infection by an indolent S. epidermidis. Partial graft removal with 
SFV replacement has been used either entirely in situ or as a femoral- femoral 
crossover graft in the case of an aortofemoral single limb graft removal. 



Total Graft Excision 

Traditional management of an infected graft involves total graft excision followed 
by revascularization with autogenous tissue and/or extra-anatomic bypass. More 
limited alternative approaches, as mentioned in “Partial Graft Excision”, have 
been advocated because of the high morbidity and mortality associated with total 
graft excision, since the physiologic insult associated with intracavitary graft ex- 
plantation is so great. However, a major argument in support of total aortic graft 
removal is the high mortality (50 %) associated with persistent uncontrolled sep- 
sis that may occur following unsuccessful partial graft removal [27]. 

Additional management issues that must be considered in relationship to aortic 
graft removal are: 

• Whether graft removal or reconstruction should be synchronous or staged 

• Whether reconstruction should be in situ or extra-anatomic 

• Whether autogenous or prosthetic materials should be used for reconstruction 

The mortality associated with aortic graft removal has largely been linked to the 
ensuing ischemic stress. Although some patients can tolerate delayed revascula- 
rization because of the presence of an extensive preexisting collateral network, 
this fortunate circumstance is present in a minority of patients who are not iden- 
tifiable with certainty in advance. Reilly et al. [28] have reported that preliminary 
extra- anatomic bypass followed by immediate or staged (delayed by 2-31 days) 
aortic graft removal is associated with an improved mortality (-25 %) compared 
with a traditional approach of infected graft removal followed immediately by 
extra-anatomic bypass (43%). In critical situations, such as acute hemorrhage 
from a ruptured pseudoaneurysm or aortoenteric fistula, the initial procedure. 
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however, should be aortic exploration and graft removal. When extra-anatomic 
bypass is performed in advance of graft removal, initial concerns have included 
possible bacterial seeding of the newly placed bypass prosthesis, thrombosis of 
the extra-anatomic conduit due to flow competition with the aortic graft, and risk 
of hemorrhage from the infected graft during the waiting period prior to its 
removal. However, these concerns have not been borne out provided that satis- 
factory antibiotic coverage is given and early graft removal (-5 days) is accom- 
plished [27-29]. 

In situ aortic reconstruction has been advocated for aortic graft infection and 
graft enteric fistula. Excellent results have been reported when debridement of 
the periaortic tissue and aortic wall is accomplished. However, this approach 
should not be used for patients with perigraft abscesses. Complete 360° auto- 
genous coverage of the new graft with omentum, sartorious or rectus femoris 
muscle is believed to be an essential component of the operation. Patients treated 
by in situ graft replacement are reported to exhibit mortality rates as low as 8 %. 
Reinfection rates are similar to those of patients undergoing extra-anatomic by- 
pass (~ 20 %), with a trend toward lower infection rates when rifampin-impreg- 
nated grafts are used [30]. 

Alternative graft materials for in situ aortic reconstruction include auto- 
genous SFV [31] and fresh or cryopreserved aortic allografts [32,33]. Both mate- 
rials have been utilized in small series in which low mortality rates (io%-i8%) 
were reported. Furthermore, harvesting of the SFV does not appear to result in 
signs and symptoms of severe venous insufficiency. 

A similar general approach has been utilized for infected infrainguinal grafts. 
Incomplete excision, as noted above, has been associated with high rates of re- 
operation for persistent sepsis, and more than 50 % of deaths are associated with 
uncontrolled sepsis [34]. This statistic has spurred interest in complete removal 
of all involved prosthetic material for extracavitary grafts as well. Again, this 
should be accompanied by complete debridement of all infected tissues. If the 
limb is severely ischemic after graft removal, reconstruction should be attempted 
using autogenous material if available. However, if no autogenous material is pre- 
sent, extra-anatomic reconstruction with another synthetic graft should be con- 
sidered. 



Endoluminal Stents 

The infection rate associated with transluminal angioplasty in association with 
stent deployment remains unknown. However, because a large number of stents 
are implanted annually for the treatment of occlusive vascular disease (probably 
more than 50,000 per year), even a low incidence of infection may translate into 
a large number of arterial infections. The presenting features of infected stents 
can be quite subtle, and include localized pain, swelling, and minor erythema of 
the ipsilateral leg several days following iliac or femoral stent deployment. These 
infections can become very aggressive, as signaled by the development of a 
purpuric rash in the vascular distribution served by the stented vessel. This 
latter sign forecasts a very complicated, rapidly progressive course of generalized 
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systemic sepsis with multiple organ dysfunction and a very high mortality rate 
[35]. Almost invariably, Staphylococcus aureus is the responsible organism, indi- 
cating that these infections represent technical complications of the procedure. 
In order to avoid these catastrophic events, emphasis must be placed upon care- 
ful skin preparation and implementation of a strict sterile technique. Admini- 
stration of prophylactic antibiotics during peripheral angioplasty remains an 
uncommon practice, but should be considered since stent deployment involves 
the implantation of a prosthetic device. Experimental studies [36, 37] have shown 
that intravascular stents remain susceptible to transient bacteremias for up to 
4 weeks following deployment and that prophylactic antibiotics are effective in 
protecting these devices from contamination during the period surrounding im- 
plantation. The susceptibility of a stent infection may be magnified by the asso- 
ciated vascular damage and local hematoma, which occurs following disruption 
of the vascular surface integrity during the angioplasty procedure. 

Evidence of an infected stent should initiate a plan for its removal. These 
infections are occasionally characterized by a necrotizing angitis, which occurs 
at the site of the stent placement with erosion through the vessel. An infected 
pseudoaneurysm may result, serving as a septic focus and producing cardio- 
vascular instability if it ruptures. Operative exploration of the stent with resection 
of the local vessel and pseudoaneurysm remains the treatment of choice. Sub- 
sequent limb preservation efforts may require a difficult judgment decision since 
these patients are frequently critically ill and uncontrolled systemic infection 
makes extra-anatomic reconstruction hazardous. 



Controversies 

The major controversy in the management of vascular graft infections is whether 
infected arterial conduits should be completely removed, or whether local con- 
ditions can be improved sufficiently to permit in situ retention of a preexisting 
or newly placed graft. Contemporary series using the conventional approach of 
staged graft excision with extra-anatomic bypass continue to report mortality 
rates of 20 %, amputation rates of 20-29 % and reinfection rates of 20 %. Signifi- 
cantly, recent reports utilizing graft preservation methods and aggressive local 
care principles report mortality rates of 8%-i2%, amputation rates of o%-i3% 
and reinfection in 22% of cases [16, 30]. However, these more conservative ma- 
nagement approaches have not been fully adopted by all practitioners. Additio- 
nal factors that may influence the decision for conservative management techni- 
ques include: 

a) The cost of prolonged hospitalization for local wound care. 

b) The ability to diagnose graft infection promptly, since a delay in diagnosis may 
worsen local and systemic conditions and thus contribute to worsening clini- 
cal outcomes using conservative therapy. These issues are worthy of conside- 
ration as this field progresses. 
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Critical Factors and Decision Making 

Numerous treatment options are available for the management of the infected 
vascular graft. However, none of these are unequivocally superior. Guidelines that 
appear to be applicable for most infected grafts are as follows: 

• CT scanning is the most valuable diagnostic study in demonstrating the pre- 
sence of a graft infection. Supplementary tests such as radiolabeled WBC scin- 
tigraphy and sinography may help to define disease extent. However, there is 
no definitive tool to assess infected grafts and clinical judgment plays a major 
role in decision-making. 

• Complete debridement of infected tissue surrounding an infected graft is a vital 
treatment component irrespective of the specific protocol for graft management. 
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Diagram i. Algorithm for the management of the infected vascular graft 
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• Selected patients may be treated with complete or partial graft preservation, 
provided that the infection is localized without complicating features at the 
anastomosis such as pseudoaneurysm. 

• Patients with systemic sepsis or hemorrhagic complications generally require 
total graft excision. 

The algorithm in Diagram i summarizes the management options available for 
the care of the patient with an infected graft. 
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Invited Commentary 

Frank Veith 



The chapter on the management of vascular graft infections, which is clearly and 
concisely written by Dr. Dahn, provides an excellent contemporary overview of 
this topic. Because the chapter so carefully describes the graft-preserving tech- 
niques employed by Keith Calligaro and myself over the last 25 years, it is diffi- 
cult to find elements within Dr. Dahn’s views with which I am in disagreement. 
However, it is important to point out that many experts within the field of vascu- 
lar graft infection are still uncomfortable with the concept of leaving an infected 
graft - either partially or totally - in place. 
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Three decades ago, standard practice mandated the removal of all infected 
prosthetic grafts used in the arterial circulation. Our work (Calligaro et al.) and 
that of Kwaan and Connolly - referenced in Dr. Dahn’s chapter - clearly estab- 
lished that infected prosthetic arterial grafts could be salvaged. Prerequisites for 
successful salvage included extensive debridement and excision of all infected 
perigraft tissue, the maintenance of flowing arterial blood within the portion of 
infected graft that was to be preserved, and most importantly, evidence that the 
infected graft-to-artery anastomosis had not broken down with either hemorr- 
hage or false aneurysm formation. When these requirements were fulfilled, two- 
thirds to three-quarters of infected prosthetic arterial grafts could be salvaged 
and more extensive graft excisional procedures were avoided. 

We have successfully employed this approach not only with extracavitary 
grafts but also with infections of entire aortic grafts when systemic or local cir- 
cumstances precluded standard graft excisional treatment or autologous replace- 
ment, as advocated by Dr. Clagett [i, 2]. We have now had six patients in whom 
extensive drainage and debridement, coupled with systemic antibiotics and anti- 
biotic irrigation, resulted in cure of aortic graft infections in circumstances 
precluding more traditional forms of treatment. Several of these patients have 
now been followed up over 10 years so that this form of nonexcisional treatment 
can be applied selectively to aortic graft infections in extremely difficult circum- 
stances as well. 

Although we originally presented our graft-preserving techniques for infected 
arterial reconstructions years ago [3-5], these graft-sparing methods were not ge- 
nerally accepted. Even when our 20 years of experience with them was reported, 
considerable skepticism was expressed. 

When an occluded infrainguinal prosthetic arterial graft becomes infected, 
most of that graft must be excised. This can be accomplished by leaving a resi- 
dual button of the graft with flowing blood beneath it on the patient’s artery. In 
some instances, this technique can be used when a graft originates from the com- 
mon femoral artery, thereby preserving flow through that artery to the deep fe- 
moral artery and avoiding the extensive ischemia that would result if the com- 
mon femoral artery proximal and distal to the origin of the infected graft were 
excised or oversewn [3]. 

Finally, on a historical note, although the classic requirement for total excisi- 
on of all infected grafts was based on a 1963 article by Shaw and Baue [6], early 
work by Carter, Cohen and Whalen [7] had suggested that some infected grafts 
could be preserved with appropriate local therapy (extensive debridement and 
local antibiotic irrigation), as subsequently described and advocated by our 

group [3,4, 5> 8]. 

Despite the controversy which still remains regarding how best to manage in- 
fected prosthetic arterial grafts, and even though some of these can be managed 
by less traumatic graft preserving techniques, all would agree that an infected ar- 
terial graft is a serious problem that may pose a threat to a patient’s life and limb 
and that taxes the vascular surgeon’s patience and ingenuity. 
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Editorial Comment 

Moshe Schein 



What is true for all types of surgical infections applies also to vascular infections 
- the best results are obtained by prevention. For example, distal bypasses with 
prosthetic material, proximal to severely ischemic-infected feet, are doomed to 
be infected and should be avoided. The order of words in the motto “life before 
limb” is occasionally confused by vascular surgeons and should be reemphasized. 
Attempts to save an ischemic limb, which contains an infected graft (probably 
nonindicated from the beginning), which was anastomosed proximal to poor out- 
flow - in a bedridden patient - cannot be defined as heroic but rather as archaic. 
Thus, a box with “urgent primary amputation” has to feature prominently on Dr. 
Dahn’s otherwise comprehensive algorithm. 

General surgeons should be reminded that the so-called suspected groin abs- 
cess developing a few days after transfemoral cardiac catheterization or angio- 
graphy commonly represents an acute infected femoral pseudoaneurysm. This 
should be resected under proximal control. Arterial reconstruction is best delay- 
ed (or may prove unnecessary) if intraoperative Doppler studies indicate ade- 
quate blood flow to the foot. 

Prosthetic grafts are faster and easier to insert than autologous ones and in 
general replacing vessels provides the vascular surgeon with that special sense of 
satisfaction familiar to anyone who enjoys plumbing. But as stressed here by 
Dr. Veith, treating the ensuing graft infections is not such great fun. [Editors may 
allow themselves an occasional sarcastic note]. 




27 Bone and Joints 

R. Jan,A. Goris 



Key Principles 

• Remove all dead tissue and scar tissue. 

• Provide optimal soft tissue conditions around the infected area. 

• Stabilize infected fractures, mobilize infected joints. 

• Antibiotics are only complementary treatment and do not replace sound surgi- 
cal practice. 



Infections of bones and joints are major complications of trauma and surgery, 
and carry a potential of high morbidity and even mortality if not treated prompt- 
ly and expertly. 



Definitions 

The word “osteomyelitis” is commonly used to encompass a variety of infections 
of bone tissue. Two distinct conditions can be identified: hematogenous 
osteomyelitis and osteitis. 

Osteomyelitis is an infection of bone and/or bone marrow, occurring in juvenile 
patients, especially within the metaphysis of long bones, which results from hema- 
togenous spread of organisms, typically Staphylococcus aureus. Bone marrow is 
surrounded by trabecular bone. Any infection in this area will lead to the forma- 
tion of an abscess, with limited possibility of spontaneous perforation drainage. 

Osteitis is an infection of bone tissue and/or bone marrow, occurring as a re- 
sult of an open fracture or bone surgery. Trabecular bone is a dense structure with 
a poor blood supply, rendering it sensitive to infection. Once infection is establis- 
hed, it can only be eliminated by increased resorption of bone. When infection is 
present in a nonunited fracture, any residual movement within the fracture will 
lead to increased bone resorption as well as to activation of the infection. 

Septic arthritis is an infection within a joint, most commonly the result of a 
perforating injury or joint puncture. While the joint capsule (synovia) is richly 
vascularized, the cartilage has no blood supply and is dependent for its meta- 
bolism on a convective supply of oxygen, glucose, and other nutrients from the 
synovia. Immobilization of the affected joint will therefore compromise the sur- 
vival of the chondrocytes, as well as promote joint stiffness and even ankylosis. 

Chronic infections of bone and joints result from delayed or inadequate treat- 
ment of acute infections. They are characterized by the presence of a large am- 
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ount of richly vascularized scar tissue. On the other hand, tissue PO2 in these 
areas is extremely low [1], providing for poor healing conditions. 



Acute Hematogenous Osteomyelitis 

Classic acute hematogenous osteomyelitis occurs in juvenile patients. The most 
frequent sites are the proximal tibia, the femur, the pelvis, and the calcaneus. Sta- 
phylococcus aureus is the causative microorganism in 90% of the cases. In infants, 
Haemophilus influenza, streptococcal species and E. coli may be isolated. 

Osteomyelitis may also occur in immunocompromised adults, in whom fungi 
or mycobacteria may be the pathogens involved. In patients with chronic infec- 
tions (i.e., endocarditis, urinary tract infections, pressure ulcers), hematogenous 
osteomyelitis may occur at distant osseous sites. Osteomyelitis in patients with 
sickle cell disease is another distinct clinical presentation. 

The acute phase of osteomyelitis is characterized by high fever and severe pain 
localized at the level of the metaphysis of a long bone. Typically, the patient re- 
cently had furunculosis or another Staphylococcus aureus infection. Initially, there 
may be no clear signs of inflammation on the affected extremity, as the infection 
is contained within the medulla. Radiography will remain unrevealing for about 
2 weeks, as osteolysis requires the prolonged action of osteoclasts. Bone scans 
may show changes earlier, with a high sensitivity, but a lower specificity. 
Ultrasound examination may reveal subperiosteal pus. Leukocyte count, erythro- 
cyte sedimentation rate, and especially C-reactive protein (GRP) are elevated at 
an early stage. A technetium 99m methylene diphosphonate bone scan is perfor- 
med to assess the location(s) and extent of the process. MRI may also provide 
valuable information. 

Diagnosis is established by needle aspiration of pus from the focus and bac- 
terial culture. Obtaining an antibiogram (sensitivity profile) is mandatory for 
directing antibiotic treatment. Blood cultures should be performed, particularly 
in infants. 

Treatment of the juvenile form consists principally of antibiotics (flucloxacil- 
lin and fusidic acid) for 4-6 weeks [2]. When pus is present on echography or 
aspiration, or when there is no improvement with antibiotics alone, surgery is 
indicated. Burr holes are made in the metaphysis of the bone, at the level of the 
intramedullary abscess for decompression and drainage. 

Fungal osteomyelitis is treated by Amphotericin B, mycobacterial osteomyeli- 
tis by long-term antituberculous multiple drug therapy. 



Posttraumatic Osteitis 

Posttraumatic osteitis results from a compound fracture or bone surgery. 
Various presentations can be identified, for example: 

• Acute osteitis after a compound fracture 

• Acute phlegmonous infection of the marrow cavity after nailing of long bone 

• Chronic osteitis (Fig. 1) 
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Fig. 1. Chronic osteitis of the tibia 



Contamination of an open fracture may involve unusual microorganisms. The 
patient may have fallen into a pond or ditch and the wound can be contaminated 
by various aqueous bacteria. Foot infections from penetrating wounds are associated 
with infection by Pseudomonas species. 

Contamination may further occur during the operative procedure with bacte- 
ria entering the wound from the skin of the patient, the operative team, or the 
hospital environment. 

The first clinical signs are often masked by the signs and symptoms of in- 
flammation caused by the primary injuries, by the administration of antibiotics, 
or by the effects of anti-inflammatory and analgesic drugs. 

The leukocyte count, erythrocyte sedimentation rate, and CRP are elevated at 
an early stage. Radiography will remain unrevealing for the first few weeks, 
although bone scans may show changes earlier. A technetium-99m methylene 
diphosphonate bone scan is performed to assess the location and extent of the 
process. Gamma scintigraphy performed 4 and 24 h after IV administration of 
technetium-99m human immunoglobulin is highly sensitive and reasonably 
specific for diagnosing and localizing low grade, chronic osteitis [3]. MRI is 
gaining in popularity as a diagnostic tool in musculoskeletal infections. 

Bacterial cultures (aerobic and anaerobic) and sensitivity should be obtained 
to direct antibiotic treatment. In addition to pus, tissue biopsies should be obtai- 
ned and cultured. Methicillin-resistant S. aureus is often found in chronic ostei- 
tis, because of previous failed antibiotic treatment. 

Principles of treatment depend in part on the clinical presentation. 

In all forms, early and vigorous removal of all dead soft tissue and bone is man- 
datory. Operation may result in significant blood loss, because of the hyperemia of 
inflammation. Excision of all old scar tissue is required to provide for optimal hea- 
ling conditions. Within the resulting wound, one or more strings of gentamicin 
beads or resorbable collagen sponges with antibiotics are applied [4] and the wound 
is loosely closed. An alternative approach is to install a continuous irrigation and 
closed drainage system in the infected area; however, this is cumbersome and messy. 

The resulting soft tissue defect may require secondary closure with a rotation 
flap or a free revascularized tissue transplantation to provide for optimal soft tis- 
sue conditions around the infected area (Fig. 2). Bone defects may be treated by 
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Fig. 2a-e. a X-ray of compound fracture proximal tibia, with severe soft tissue injury, complica- 
ted by gas gangrene. Condition at transferral from other hospital. Note air in soft tissues, b Con- 
dition after debridement and application of external fixator, c Open wounds were first closed by 
split skin.grafts. d,e Photography and X-ray. Final result after application of free revascularized 
graft from the iliac crest, including skin, subcutaneous tissue, muscle and bone 
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cancellous bone grafting, free revascularized bone transplantation, or by the 
Ilizarov technique. 

Infected fractures should be optimally stabilized, usually with an external fixa- 
tor. If a stable internal fixation device (i.e., a plate) is already present, it should be 
left in place. If intramedullary osteosynthesis is complicated by severe intrame- 
dullary infection, the intramedullary rod should be removed, the bone marrow 
cavity gently reamed to clear it of all debris, a string of gentamicin beads left 
within the bone marrow cavity, and an external fixator applied to provide for im- 
mobilization. 

Chronic infection within the bone marrow cavity following intramedullary 
osteosynthesis, especially after reaming, may result in the formation of extensive 
intramedullary sequestra (Fig. 3). This condition requires an approach as described 
in the preceding paragraph. 

Antibiotics are adjuvant therapy and in no way replace sound surgical practice. 
The choice of an antibiotic regimen should be guided by the antibiogram. A com- 
bination of quinolones and rifampin is recommended for the treatment of Staphy- 
lococcus aureus osteitis [5]. Antibiotic treatment is generally continued for 6 weeks. 




Fig. 3a, b 
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Fig. 3a-d. a Chronic osteitis of 
tibia after a closed fracture, 
treated by a reamed intra- 
medullary nail. Only a fistula 
was present, b One year later, 
after nail-removal. Excessive, 
dense cortical bone, suspicion 
of sequestrum, c, d CT scan at 
time of b shows extensive 
sequestra within the marrow 
cavity 




Septic Arthritis 

Septic arthritis of the hand and wrist is relatively uncommon. The most common 
cause is penetrating trauma resulting from a clenched fist injury or a human or 
animal bite. Cats have sharp teeth and a bite to a finger may easily penetrate the 
skin and extensor tendon into a metacarpal-phalangeal or interphalangeal joint. 
The common causative microorganism is Staphylococcus awreus, but streptococ- 
cal species, Haemophilus influenza. Pseudomonas aeruginosa, Serratia species, 
and Mycobacterium marinum may also occur in specific clinical settings [6]. 

Local symptoms include swelling and redness around the affected joint, hy- 
drops, an antalgic postioning of the joint in a slightly flexed position, extreme 
pain on moving the affected joint, and circumferential pain on external palpation 
of the joint. 

In the hand, septic arthritis must be differentiated septic tenosynovitis. In the 
latter, there is pain on external pressure along the entire length of the affected 
tendon sheet and all movements of the affected finger and adjacent joints are 
painful. 

In the metatarsal joint, the differential diagnosis includes gout; however, fever 
and other general signs of infection are absent. Rheumatoid arthritis may mimic 
septic arthritis and septic arthritis may complicate rheumatoid arthritis. 

The best clinical results are obtained by prompt accurate diagnosis, surgical 
drainage, and joint debridement. For large joints, arthroscopic debridement with 
rinsing of all debris and fibrin is preferred. Appropriate antibiotics are admini- 
stered and early postoperative range of motion exercises started. For human 
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bite injuries, administration of a betalactam antibiotic with betalactamase-inhi- 
bitor is suggested [7]. 

Experimental studies suggest that periarticular injection of lactoferrin, which 
reduces articular inflammation in septic arthritis in mice, without promoting 
bacterial survival, may have a role in clinical management [8]. 

When the diagnosis is established late (2-3 weeks after the onset of the dis- 
ease), the synovia has undergone substantial alterations and synovectomy is re- 
quired, followed by temporary immobilization with an external fixator until acute 
signs of infection have resolved. Subsequently, motion exercises are started. 
When the articular surface is severely damaged, an arthrodesis should be consi- 
dered. 

Acknowledgments. The authors thank Dr. J. Biert and Dr. R. Severeijnen for 
valuable advice. 
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Invited Commentary 

Bradford Henley 



Dr. Goris has provided a succinct review of bone and joint infections related to 
trauma and surgery. This contribution begins with definitions. Though hemato- 
genous osteomyelitis is differentiated from osteitis, these conditions are quite 
similar in their histopathology in that both exhibit an inflammatory process in- 
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volving bone. Perhaps it is useful to differentiate them by their osseous location, 
as this distinction may aid in one’s treatment decisions. Goris suggests that 
osteomyelitis be thought of as an infection of metaphyseal (trabecular and rich- 
ly vascular) bone, usually occurring in juvenile patients. Morrisey and others 
[i, 2] have demonstrated that bacteria have a predilection to infect metaphyseal 
regions after trauma. On the other hand, Goris suggests that osteitis be conside- 
red an infection of cortical (haversian and less well vascularized) bone, primari- 
ly in adults. He infers that osteitis is most commonly seen in the posttraumatic 
and postsurgical clinical settings due to direct inoculation in contrast to hema- 
togenous spread. The implication is that metaphyseal osteomyelitis infections, 
especially in juveniles, may be treated by antibiotic therapy alone, but in the pre- 
sence of a medullary abscess (or dead bone) surgical drainage may be indicated. 
In contrast, to heal cortical posttraumatic osteitis infections, surgical debride- 
ment and/or resorption of dead bone (sequestra) with concomitant adjunctive 
antibiotics is usually required. 

For both types of bone infections, the common etiological factors and causa- 
tive organisms are described, as are the routine diagnostic modalities. C-reactive 
protein titers are very helpful in evaluating patients with infections as acute 
phase reactants rise and fall more quickly than the white blood cell count and 
the erythrocyte sedimentation rate. Of the imaging studies described, triphasic 
technetium-99 diphosphonate bone scans are sensitive for detecting bone and 
joint infections, though false-negative scans may occur in newborns. Correlation 
of flow findings (first phase) with blood pool and bone image phases [2, 3] is im- 
portant. Magnetic resonance imaging (MRI) is gaining in both popularity and 
importance as a diagnostic imaging tool in musculoskeletal infections. Despite 
the cost and the adverse effect of large metallic implants on image quality, MRI 
is sensitive and specific and is without radiation exposure. 

Cierny and colleagues [3] have stressed the importance of patient evaluation 
in determining the physiological status (classification) of the host. A patient 
with a normal physiological response to infection and surgery is designated an 
A-host. A compromised patient may exhibit either local (BL), systemic (BS), or 
combined (B-LS) deficiency in wound healing. Systemic factors affecting im- 
mune surveillance, metabolism, and local vascularity include malnutrition, re- 
nal failure, liver failure, alcohol abuse, immune deficiency disease (e.g., RA, SLE, 
HIV), drug- or radiation-induced immune deficiency states, chronic hypoxia, 
malignancy, diabetes mellitus, malnourishment, extremes of age, steroid thera- 
py, and tobacco use. Similarly, adverse local factors include chronic lymphede- 
ma, venous stasis, major vessel compromise, arteritis, extensive scarring, and 
radiation fibrosis. Finally, a C-host requires either ablative, suppressive, or no 
treatment as the therapeutic interventions or the results of curative treatment 
for osteomyelitis/osteitis in these patients are more compromising than the 
therapeutic alternatives. 

In the treatment of all musculoskeletal infections, Goris stresses the impor- 
tance of identifying the causative organism(s), usually by aspiration, biopsy, and 
tissue culture. The common causative organisms are well described, with the ca- 
veat that foot infections from penetrating wounds (i.e., through shoes) are typi- 
cally associated with Pseudomonas species infections. Similarly, in patients with 
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recurrent urinary tract infections and pressure ulcers (e.g., spinal cord injuries), 
osteomyelitis caused by enteric Gram-negative organisms may occur by local 
spread or hematogenous dissemination. Patients with other chronic infections 
may seed osseous and nonosseous sites (e.g., subacute bacterial endocarditis) 
and should be evaluated for these diagnoses. 

It is of paramount importance that antibiotic therapy be based on the results 
of culture and sensitivity data providing a quantitative measurement of mini- 
mum inhibitory concentration of the antimicrobial needed to inhibit the in vitro 
growth of the involved pathogen(s). Because of the frequency of polymicrobial 
infections and the emergence of resistant strains of bacteria, consultation with 
an infectious disease specialist is helpful, to guide the administration of multiple 
antibiotics with synergistic effects and to monitor effective tissue levels, side ef- 
fects, and toxicities of the recommended therapy. 

In addition to antibiotic administration, surgical debridement of necrotic, 
ischemic, and infected tissues is necessary when there is abscess formation or 
dead bone. Sinus tracks can be injected with a mixture of methylene blue and 
hydrogen peroxide immediately prior to operative debridement, to delineate the 
track and facilitate operative excision. Cierny and colleagues [3] have proposed 
an anatomical classification for osteomyelitis that is useful in directing surgical 
treatment. Four types are described: superficial, localized, medullary, and diffu- 
se. Adequacy of surgical debridement may be assessed macroscopically by the 
presence of bleeding (the “paprika sign” seen in cortical bone), or mechanically 
with tools such as the laser Doppler. In addition to surgical debridement, adjun- 
ctive therapies to consider include: 

• The use of various local antibiotic delivery systems such as impregnated 
PMMA beads, bioresorbable polymers, coated osseous conduction substrates 
and bead pouches 

• The use, type, and timing of soft tissue coverage 

• Hyperbaric oxygen when anaerobic organisms are present 

The treatment algorithms presented in this chapter are thorough though they 
may be enhanced by general treatment principles and adjunctive therapies. Ge- 
neral principles as related to source control in infections include: 

• Complete resuscitation of trauma patients (e.g., to permit clotting, thereby pre- 
venting hematoma or seroma formation, which may provide a substrate for 
bacterial proliferation) 

• Minimizing operating room foot traffic to eliminate other infectious sources 

• Using ultraviolet light or other clean air technologies (e.g., laminar flow rooms) 

• Optimizing the host by nutritional support to provide a healing and anabolic 
environment 

• Management of host comorbidities (e.g., tight glucose control in diabetics, ces- 
sation of smoking, monitoring/supplementing low tissue oxygen saturation) 

Omitted from this chapter is discussion of debated topics relating to bone and 
joint infections. These include: 

• The timing, duration, and coverage of antibiotic treatment 

• The best skin cleansing (prep) solutions 
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• The methods used to minimize external fixator contamination prior to staged 
surgical treatment 

• The relative merits of different wound irrigation and cleansing solutions (i.e., 
saline, peroxide, Betadine, emulsifiers, etc.) 

• The efficacy of pulsatile and nonpulsatile irrigation processes 

• The decision on whether contaminated or infected wounds should be left open 
or closed (primarily or delayed) 

• The relative merits of various wound drains as they relate to source control 
(i.e., suction, gravity, wick, no drain, etc.) 

• The best wound dressings (sterile gauze, occlusive dressing, wick dressing, bio- 
logical dressings, etc.) 

• The optimal timing of soft tissue coverage in the author’s treatment algorithm 

• The physiological and biological effects of various implants and their influen- 
ce on infection control (e.g., internal fixation, external fixation) 
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28 Incisional Surgical Site Infections 

James T. Lee 



Key Principles 

• Incisional infections develop because host defenses cannot eradicate contami- 
nating pathogens. Intraoperative contamination of normally sterile tissues by 
pathogenic microbes is the most frequent antecedent of incisional infections. 

• Detection of incisional infections relies on the fact that infection is one cause of 
wound healing failure. Infection must be ruled out when routine postoperative 
incision examination suggests that healing is not proceeding as expected. 
Therapy of incisional infections is based on a simple anatomic classification. 
Source control always includes an element of mechanically altering geometry 
and content of infected spaces. 



General Approach 

Nosocomial infections delay recovery from operations. Pneumonia, urinary tract 
infection, and blood stream infections collectively differ in two important res- 
pects from surgical site infections (SSI), which are infections of the tissues, 
organs, or spaces contacted by surgeons. Only SSI prevention tactics target a par- 
ticular area in the hospital (the operating room), particular employees (surgeons 
and surgical nurses), and a particular temporal phase (immediately before and 
during operation). In addition, SSIs are diagnosed and treated by surgeons. By 
convention, SSIs are defined as those occurring within 30 days of index opera- 
tions, excepting operations in which prosthetic devices are implanted, for which 
surveillance continues during at least 1 year [1, 2]. It is unusual for SSIs to present 
later than 4 weeks after index operations if standardized surveillance protocols 
and diagnostic definitions are utilized [3-7]. 

The term “surgical site infection” was formulated by the Centers for Disease 
Control and Prevention (CDC) in 1992 following a consensus meeting of surgical 
infection experts and infectious disease specialists [5]. The intent was to encour- 
age comprehensive surgical infection surveillance. The CDC defines two SSI 
categories: 

• Incisional SSI comprises all infections that surgeons have traditionally named 
“wound infections”. 

• Organ/space SSI are postoperative infections of body cavities or organs mani- 
pulated by surgeons. 
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Two incisional SSI types are superficial incisional SSI and deep incisional SSI. The 
former type is the most common incisional infection in modern practice and on- 
ly the subcutaneous adipose layer is invaded by pathogens. Deep incisional SSIs 
develop much less frequently but have more serious consequences because 
these infections can spread quickly to invade the body wall fascia(e) and/or 
muscle(s) that define the subcutaneous wound’s deep boundary (see Chap. 22, 
“Soft-Tissue Infections”). Multiple organisms, with presumed synergy of action, 
are often isolated from deep incisional SSI. 

Primary skin closure is employed in the vast majority of operations. When 
substantial contamination occurs, the probability of incisional SSI is greatly 
reduced by simply leaving the skin open, followed by either delayed primary clo- 
sure or healing by secondary intention (i.e., open wound care). For the purposes 
of this chapter, only primary skin closure is considered. By definition, superficial 
incisional SSI is impossible if the subcutaneous space is left unclosed and allowed 
to heal by second intention. Deep incisional SSI can potentially occur in a con- 
taminated wound that is left open from the time of operation, but the author is 
unaware of credible reports of this phenomenon. 

The development of SSI indicates that host defenses could not eradicate an in- 
itial pathogen burden. It has long been recognized that different types of opera- 
tions entail different degrees of intrinsic intraoperative contamination and the 
most common SSI pathogens for differing procedures have been catalogued in 
authoritative reviews [1]. Consequently, the choice of antimicrobial agents for 
presumptive SSI therapy, when indicated, is straightforward [8]. The likelihood 
of SSI is shaped by the interplay of multiple variables besides the type of opera- 
tion [2, 3, 6, 7]. Surgical patients present with variable degrees of host defense 
competence and the physiological effects of surgery and anesthesia have addi- 
tional impacts on that competence. The species and initial wound density of con- 
taminating microbes are usually the most powerful variables influencing the 
likelihood of SSI. 

Primarily closed skin incisions are sealed from external contamination by a 
fibrin layer that bridges the apposed skin edges [2]. Within 24-36 h, this “caul- 
king” supplied by the coagulation system has integrity and immediately beneath 
it, within a few hours of wound closure, are numerous activated neutrophils. It 
has been suggested that incisional infection may result from postoperative sur- 
face contamination of a primarily closed skin incision, based on reports de- 
scribing isolation of organisms whose peculiar speciation prompted formal epi- 
demiological investigations. Organism carriers were found to be healthcare 
professionals who had no opportunity to contact patients’ incisions or dressings 
before patients entered the recovery room [1]. It is also plausible that SSI may 
develop secondary to bacteremia occurring at a vulnerable time in the early in- 
flammatory phase of wound healing. This hypothesis has been supported by data 
gathered using animal models, but only occasionally finds support in clinical 
observations. However, most evidence indicates that intraoperative contamina- 
tion is the source of nearly all SSI pathogens, regardless of the anatomic extent of 
infection. 

With few exceptions, the pathogens isolated from SSI are bacteria. Organ 
transplant recipients occasionally develop the otherwise very rare fungal SSI [1]. 
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Surgical breach of intact skin, a barrier to external contamination, is central to 
the pathogenesis of SSI, but no skin preparation method renders the skin sterile, 
so that normal skin flora are frequently incisional SSI pathogens [i, 3, 4, 6, 7]. 
Surgical entry into a hollow viscus and or surgical breach of established infection 
are other SSI precursor events. The duration of the operation and the premorbid 
health of the patient are other risk factors for incisional SSI. Authoritative epi- 
demiology texts seldom mention that failure to correctly employ indicated SSI 
prevention measures is also an important predictive variable in SSI genesis [2]. 

Patients with superficial incisional SSI do not usually appear seriously ill, see- 
ding of the bloodstream is rare, and the complication is rarely lethal. Superficial 
incisional SSI are functionally subcutaneous abscesses and resolution is usually 
achieved by simply opening primarily closed incisions (or incisions managed by 
delayed primary skin closure) to allow egress of inflammatory exudates and 
wound debris. Infrequently, sharp excision of necrotic fat or fibrin is warranted. 
Antibiotic therapy is indicated if cellulitis is present or a patient is systemically 
toxic [8]. Topical antiseptics or other chemicals add no benefit during open 
wound care (i.e., regular dressing changes). It is also irrational to administer 
antimicrobial drugs under the misguided inspiration that healing will be accele- 
rated or that granulation tissue will somehow become sanitized. 

Deep incisional SSIs are more serious complications than superficial incisio- 
nal SSIs because there is ongoing enzymatic and/or ischemic destruction of the 
posterior adherence of subcutaneous fat to underlying body wall fascia, allowing 
unhindered spread of inflammatory fluids and bacteria. Indeed, this anatomic 
feature of fasciitis is pathognomonic of a necrotizing process in the interstitial 
space [8]. Myonecrosis may also occur. Patients with deep incisional SSI general- 
ly appear seriously ill. Empirical systemic antimicrobial therapy and immediate 
excision of involved tissues are absolutely necessary [8, 9]. Specimens for Gram’s 
staining and cultures of fluid and tissue should be obtained in the operating 
room. Antimicrobial therapy continues after the reoperation and can be conver- 
ted to directed therapy according to antimicrobial sensitivity reports. Details of 
operative and drug therapy for deep incisional SSI generally match those out- 
lined by authorities on the de novo necrotizing soft tissue infections [8, 9] (see 
Chap. 22). 

The present chapter concerns incisional SSIs, yet organ/space SSIs must be 
mentioned because they sometimes present with findings that mimic those of 
a typical incisional SSI. As described by other contributors to this text, organ/ 
space SSIs are very serious complications, associated with appreciable morbidity 
and mortality risks. It is notable that these infections do not always present dra- 
matically. For example, after abdominal operations, organ/space SSI may be 
occult when patients have resumed eating, are ambulatory, and have otherwise 
recovered in a seemingly uneventful fashion. An intact operative skin incision 
may conceal a sub-fascial abscess through the body wall. Source control for an 
organ/space SSI entails acquiring confirmatory diagnostic imaging information, 
initiating presumptive systemic antibiotic therapy, and externally draining an in- 
fected organ or space by reoperation or interventional radiology hardware pla- 
cement. When an organ^pace SSI exists, proper and prompt attack is essential to 
arrest the events that can trigger lethal multiple organ system failure. Superficial 
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incisional SSIs almost never provoke this situation but deep incisional SSIs, 
especially if treated casually, late, or without attention to surgical details, must be 
considered dangerous systemic insults. 



Decision-Making Algorithm 

The CDC anatomic classification of SSI provides a foundation for an organized 
approach to therapy. Both superficial and deep incisional SSI represent closed 
space infections, and the necessary source control response for either includes 
mechanical conversion of a closed, infected three-dimensional space to an open, 
contaminated two-dimensional surface. Conscientious surgeons are alert in the 
postoperative period for answers to a sequence of yes/no questions displayed in 
algorithmic sequence: 

• Is the incision suspicious? (e.g., drainage, inordinate erythema, incongruent 
pain or tenderness with unexplained fever). 

• Open the skin incision to examine the wound space. 

• Is SSI confirmed after the skin closure is taken down (i.e., pus or culture-posi- 
tive hematoma present)? SSI is confirmed. 

• Is there superficial incisional SSI? (i.e., involvement of only the subcutaneous 
fat layer and underlying fascia intact). Superficial incisional SSI is present. 

• Start open wound care (regular dressing changes) with adjunctive antimicro- 
bial therapy only for cellulitis or systemic toxicity. 

• Is deep incisional SSI suspected? Is there evidence of deep incisional SSI (e.g., 
muscle or fascial necrosis, loss of intact plane between fat and fascia, etc.)? 

• Deep incisional SSI is present. Schedule immediate emergency reoperation for 
wound examination and debridement of involved tissues, start broad spec- 
trum antimicrobial therapy, obtain tissue cultures for both aerobic and anae- 
robic organisms. 

• Is organ/space SSI masquerading as incisional SSI? Imaging studies to rule out 
subfascial collection and/or fistula from hollow organ. 



Controversy 

Staphylococcus is one of the most frequently isolated pathogens from superficial 
incisional SSI [i, 6, 7] and growing concern about the threat of methicillin-resi- 
stant Staphylococcus aureus (MRSA) suggests a simple rule that may be contro- 
versial: if a superficial SSI requires antibiotic therapy for the reasons described 
previously, culture effluent at the time of diagnosis and order antimicrobial sen- 
sitivity testing for the isolate(s). Adjunctive antibiotic therapy directed against 
the most likely pathogens has a limited period of utility in this setting and clini- 
cal resolution often will be obvious (perhaps because the incision was opened) 
before sensitivity testing is complete. There are no clinical features that mandate 
vancomycin therapy (or its alternatives) while awaiting culture results. In the 
author’s view, when any type of incisional SSI develops in a patient known pre- 
operatively to be an MRSA carrier, and adjunctive antimicrobial therapy is indi- 
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cated, a surgeon should initially use an agent active against MRSA until definitive 
sensitivity test results are in hand. Unfortunately, isolation of MRSA from SSI has 
steadily increased in recent years at the few institutions where comprehensive SSI 
microbiology data are gathered [6, 7]. 



Summary 

Superficial incisional SSI does not require reoperative therapy for source control. 
When deep incisional SSI is suggested by findings at the time of bedside inci- 
sion reopening, formal operative exploration of the wound and tissue excision, 
as needed, are essential. The reoperation is an emergency and any delay in source 
control may increase lethality. 

On occasion, after a suspicious incision is opened in anticipation of finding an 
incisional SSI, effluent characteristics or volume may suggest that an organ/space 
SSI or incipient viscerocutaneous fistula has drained through the fascial closure. 
Imaging information is then a high priority. In abdominal surgery, computerized 
tomography is often diagnostic and affords needle access to fluid collections for 
specimen culturing and drain placement by modified Seldinger techniques. If 
organ/space SSI collections or fistulae cannot be controlled by interventional 
radiology techniques, open operation is indicated [10]. Equivocation is inappro- 
priate; the major principle of SSI source control, regardless of SSI category or type, 
is to transform an infected closed space to a contaminated, open surface that may 
be annoying, but will heal with safety. Source control is mechanical, not pharma- 
cological. 
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Invited Commentary 

Allan Pollock 



Ask anyone who is not a surgeon to tell you about surgical site infection (SSI) and 
they will say that it is caused by doctors and nurses in the wards who do not wash 
their hands often enough. This may be half true. It is certainly true in the burns 
unit, where surgical site infection is unquestionably related to the transfer of bac- 
teria to the wound by air and hands. This is what some people call secondary or 
ward-acquired infection as opposed to primary or operating-room-acquired in- 
fection. It is not, however, only burns that can become secondarily infected. A closed 
surgical wound is immune within a few hours even to the smearing on of feces, 
but let that wound discharge blood or serum or lymph or bile or pancreatic juice 
and it can, just like a burn, trap those airborne and hand-borne bacteria. For some 
reason these secondary invaders are much more likely to be staphylococci than 
enteric bacteria (which, of course, cause most primary SSIs because they have been 
planted in the wound during the incision of a contaminated viscus). 

That is all very well, you will say, and you will agree that a contaminated ope- 
ration is much more likely to result in a SSI. But you will recall in your practice 
the apparently inexplicable infection that arose in a surgical wound after a clean 
operation. You know that the patient’s skin can never be completely sterilized and 
that the air in most operating rooms is not sterile (and the more people that are 
in the room and the more they move about the greater the bacterial contamina- 
tion). A few bacteria will land on the surgical wound and be dealt with promptly 
by the host’s humoral and cellular defenses. 

Why is it then that from time to time, despite the utmost asepsis, the whole 
thing goes wrong, the patient gets a SSI (and the attorney a writ)? The answer 
would seem to lie in the ability of the host to mount this rapid defense. The prob- 
lem is not only recognized states of immune suppression such as AIDS or cyto- 
toxic chemotherapy, but also a matter of blood supply. Wounds on the head, neck, 
and arms are less likely to become infected than wounds on the abdomen or lo- 
wer limbs, and there is evidence that a warm body is in a better position to throw 
off bacterial contamination than one whose temperature has been allowed to fall 
a couple of degrees as a result of being exposed on the operating table. 

One of the tragedies in orthopedic surgery is for a hip or knee prosthesis to 
become infected. The infection often shows itself clinically months after the skin 
has healed. We used to think that a lot of these SSIs were blood-borne, but I think 
this is probably wishful thinking: there seems to be no doubt that ultra-clean ope- 
rating conditions do result in lower rates of infection. The low-grade pathogens 
that were implanted at the time of operation have taken their time to cause symp- 
toms from tissue destruction. 

So far I have not even mentioned antibiotics. The consensus is that a single dose 
immediately before operation is enough and that there are dangers not only to 
the hospital ecology but also to the patient in prolonged courses of prophylactic 
antibiotics. Resistance to antibiotics is related closely to the prolixity with which 
antibiotics are prescribed. 
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Finally I want to mention a contentious issue and one that I doubt can ever be 
resolved by normal research methods. And that is that some surgeons get more 
SSIs than others. Is this because these surgeons operate on more patients with 
compromised immune systems? Or is it that some surgeons are more aggressive 
(one might say brutal) in their handling of tissues, so that they leave dead tissue 
to be a pabulum for contaminating bacteria? Nobody has come up with a good 
way of assessing surgeons, not for their competence (that is fairly easy), but for 
their performance. It is only the anesthesiologist who can offer an opinion about 
who is the gentle surgeon and who the butcher. Or is the answer, in the words of 
my friend Hiram C. Polk Jr., that surgeons who have extremely low rates of SSI 
suffer from “selective forgetfulness”? 
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Key Principles 

• As a general principle, every established source of infection should be control- 
led as soon as possible. 

• The urgency of intervention is determined by the rapidity of the progression of 
clinical symptoms. 

• In complicated infections, any additional insult must be kept to a minimum. 
Thus, rapid, minimally invasive, temporizing, or palliative measures may be 
superior to definitive but lengthy and more traumatizing procedures. 

• If the clinical signs of infection improve, the need for intervention must be re- 
considered. At least there will be ample time for a thorough diagnostic work-up 
and careful planning of the therapeutic strategy. 



General Approach 

Source of Infection 

Elimination of an infectious focus is the most decisive step in the treatment of 
surgical infections [1-3]. However, an infectious focus is not necessarily identical 
to the source of contamination. Many clinically apparent infections such as soft 
tissue infections, infections of parenchymatous organs, or intra-abdominal ab- 
scesses may present as a definable infectious focus without a determinable or ac- 
cessible source of contamination. Thus, as described in detail elsewhere, attempts 
at source control may be directed at both the primary source of contamination 
and the primary site of infection (Table 1). 

Ideally, the aims of all such interventions would be achieved by complete re- 
moval of the source of infection. However, in complicated infections, the primary 
goal is the control of the source of contamination by resection, exclusion, sealing. 



Table 1. Aims of interventions for source control 

Prevent further contamination 
Reduce bacterial load at site of infection 
Dampen local inflammation 
Prevent spread of infection 
Reestablish blood flow 
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or drainage. This will prevent further contamination and may help to reduce the 
bacterial load at the site of infection. At the same time, adjuvants such as necro- 
tic tissue or hematoma are removed and every attempt is made to reestablish 
blood flow to the site of infection to deliver cellular and humoral mediators of 
host defense and anti-infective drugs. 



Sequelae of Bacterial Contamination 

The consequences of bacterial contamination of sterile tissues depend on two 

factors: 

• The bacterial factor includes such considerations as bacterial load, composition 
of the inoculum, growth requirements, and microbial virulence factors such as 
wall components, invasive capacities, and specific toxins. 

• The host defense factor is defined by local availability and function of cellular 
and humoral components of inflammation and also includes the general con- 
dition of a patient and therapeutic influences. 



Both Factors and Their Balance Are Highly Time-Dependent 

Both the transition of contamination to local infection and distant spread of 
invading bacteria, and the development of the local inflammatory response, its 
confinement to the primary site of infection, and its eventual insufficiency, 
exhaustion, or generalization are time-dependent phenomena. 

The time from experimental contamination to bacterial peritoneal adhesion 
or invasion depends on the species involved, the number of bacteria, and the 
action of constitutive defense mechanisms present in the abdominal fluid and 
the peritoneal lining [4]. From experimental studies it is known that bacteria 
injected into the peritoneal cavity are rapidly cleared; approximately 90% of the 
total number are removed within 1-2 h [5]. Bacterial clearance is counteracted by 
sterile faeces, which inhibit local defenses and support growth by providing 
nutrients. In the cecal ligation and puncture model, the number of bacteria ad- 
hering to the peritoneum increases logarithmically from 10 organisms per mil- 
ligram of tissue after 1 h to stable populations of 10-100 million aerobes and an- 
aerobes beyond 12 h [6]. 

Clinically, the concentration of bacteria at the time of surgical intervention 
seems to be comparably high in intraabdominal infections and in soft tissue ab- 
scesses, averaging 200 million colony forming units (cfu) per milliliter [7]. It may 
be speculated that the degree of inflammation, and thus the indication to inter- 
vene, is correlated with the bacterial load at the source of infection. Additional- 
ly, it has been demonstrated that the severity of the inflammatory response and 
not the length of history is the major determinant of prognosis in intraabdomi- 
nal infections [8]. 

Multiple, ill-defined mechanisms influence the time of the development of a 
generalized inflammatory response. A certain amount and duration of proin- 
flammatory activation seems to be necessary, and occurs during the early stages 
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Table 2. Sequelae of infection 
Local increase 

Generalized response (sepsis) 
Fulminant spread 
Localization 
Spontaneous resolution 



of a septic response [9, 10]. However, the time course of an infection can never be 
reliably predicted in the clinical setting. 

Moreover, depending on the efficacy of host defenses, and on general recu- 
perative capacities, the bacterial challenge may sometimes be spontaneously 
controlled. It may then either become sealed off by abscess formation or may 
even resolve completely (Table 2). With some exceptions such as diffuse secon- 
dary peritonitis, catheter-related bacteremia, or gas-associated necrotizing soft 
tissue infections, the spontaneous outcome of an infection is also difficult to pre- 
dict in the individual patient. Consequently, in the clinical situation, decisions 
must be made on the basis of a worst-case scenario. 



Interventional Insult 

Source control may be life-saving. However, the interventions per se may interfere 
with host defenses (Table 3). Not only are local defense mechanisms compromised 
by direct manipulation and sterile access sites contaminated, but invariably further 
activation of the inflammatory response to tissue trauma occurs. Whether this will 
result in local damage, early exhaustion, or overstimulation is difficult to predict. 
According to the second hit theory, such an additional insult may add to the existing 
inflammatory state and so induce a full-blown state of clinical sepsis with multi- 
organ dysfunction [11]. Because of this, a one-step approach to definitively elimi- 
nate the source of infection may sometimes prove inferior to temporizing, pallia- 
tive procedures. In many situations, simple open or percutaneous drainage of an 
accumulation of infected fluid will be sufficient to reduce inflammation, so that any 
major attempt at focus elimination and repair can be postponed. 



Diagnostic Delay 

When clinical symptoms suggest the presence of severe inflammation and signs 
of deterioration are recognizable or to be expected, an urgent attempt must be 

Table 3. Adverse effects of operative intervention 

Impairment of local host defense 
Additional trauma (second hit) 

Contamination of access sites 
Spillage of infectious material 




282 



U. Schoffel 



made to define the source of infection. Localized pain or other clinical signs may 
reveal the anatomical site. However, often identification of the source requires 
further diagnostic evaluation. Once a suspected focus is defined, the question ari- 
ses whether additional imaging procedures or measures such as guided fine- 
needle aspiration are necessary to prove the source of infection. This decision 
may be difficult. On the one hand, further investigations take time; on the other 
hand, a negative exploration may increase the morbidity. 

The clinical picture, the availability and practicability of diagnostic modalities, 
and the respective findings will decide which and how many measures are deemed 
necessary before a decision is made to operate. Clinical experience and careful ob- 
servation of the patient are invaluable in finding a path between the danger of 
time-consuming, extensive diagnostics and that of a nondirected approach. 



The Improving Patient 

Spontaneous sealing or even complete resolution of an infectious process may 
take place under conservative treatment and is suggested when objective clinical 
signs improve. Even when a defined source has been diagnosed and operative in- 
tervention is planned, this strategy may need reevaluation based on the clinical 
trajectory of the patient. Of course, some improvements are temporary only and 
operative measures will later be needed. However, clinical improvement indicates 
that there is no need to rush into the operating room. Instead, delaying interven- 
tion allows further diagnostic work-up with regard to local conditions - which 
may have changed - and the underlying etiology. 



Controversies 

The Length of Preoperative Optimization 

A certain delay in operative intervention may be unavoidable if prior resuscita- 
tion and stabilization of homeostasis are necessary. With fulminant infection, 
however, such attempts have to be limited. There are often arguments between 
anesthesiologists and surgeons over how long a period of stabilization is appro- 
priate in a severely ill and unstable patient. There are patients who are too ill to 
be operated upon. If, despite all attempts at resuscitation, the patient remains 
hemodynamically unstable, operative intervention is unlikely to be successful. 
On the other hand, if sepsis is the reason for severe organ dysfunction, stabilizing 
measures will never lead to normalization until the underlying mechanism is 
successfully addressed. 

Two points must be clarified: first, how much stabilization must be achieved to 
meet the minimal requirements for a reasonably safe anesthetic? Corrections of 
metabolic derangements or secondary coagulopathies should not take too much 
time. Second, are there opportunities for temporizing or palliative measures, 
which might substitute for operative intervention? Ultrasound-guided percuta- 
neous drainage, for example, can easily be performed as a bedside approach in 
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the ICU. Even if such intervention does not always result in complete focus con- 
trol, a form of focus reduction may also temporarily improve the situation. 



Critical Factors and Decision Making: Summary 

Time is a crucial factor in any event which leads to infection and sepsis. Untrea- 
ted sources of contamination increase the bacterial load at a given site of infec- 
tion. Both bacterial mechanisms such as growth, adhesion, and invasion and me- 
chanisms of host defense are time-dependent. However, the number of bacteria 
released, their growth rate or virulence within a given environment, and the effi- 
cacy of host defenses are not predictable. 

Thus the severity of clinical symptoms, rapidity of deterioration, degree of or- 
gan dysfunction, and the severity of the inflammatory response are the parame- 
ters which influence clinical decision making. Severity of disease and rapidity of 
clinical deterioration are the key factors in determining the urgency of source 
control (Table 4). However, the risk of additional trauma and of blind, nondirec- 
ted exploration has to be considered. Whether prolonged attempts to stabilize 
homeostatic derangements may justify delayed intervention must be evaluated 
in the individual situation. Spontaneous clinical improvement requires reconsi- 
deration of the therapeutic concept of operative source control (Table 5). 



Table 4. Urgency of source control 





Examples 




Immediate 


Diffuse secondary peritonitis 
Necrotizing soft tissue infections 




Urgent 


Loculated process (abscesses) 
Infected pancreatic necrosis 
Suspected focus in stable patient 
Infected devices (implants) 




Delayed 


Established focus, clinical improvement 
Palliatively controlled source 




Table 5. Contraindications to (immediate) intervention 


Hemodynamically unstable patient 
Severe metabolic derangement 
Secondary coagulopathy 




Undefined 


source 




Clinical improvement 
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Clinical Signs of Infection 

I 




Diagram i. Decision-making algorithm 
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Invited Commentary 

Graham Ramsay 



While I agree with the majority of the content I will take the opportunity to 
focus on important points and present an alternative view regarding some prio- 
rities in treatment. 

One of the key principles stated is “generally, every established source of infec- 
tion has to be brought under control as soon as possible.” While it is difficult to ar- 
gue with this as a general principle, I would prefer to add that this applies only to 
patients who have been adequately resuscitated. Later, Schoffel states that a cer- 
tain delay in operative intervention may be unavoidable if prior resuscitation and 
stabilization of homeostasis are necessary. I would express this more strongly, 
stating that a delay in operative intervention is desirable until such time as resus- 
citation has been achieved. For an analogy, consider trauma care where resuscita- 
tion takes first priority. Intervention in a surgical sense takes place only when 
bleeding is so severe that the patient cannot be stabilized. Such a situation is 
virtually unknown in sepsis. A stable situation can almost always be achieved, al- 
though this may require invasive monitoring and the use of inotropic and vaso- 
pressor support. Old surgical literature taught us that a patient who is passing 
urine prior to undergoing surgery is less likely to suffer renal failure or other organ 
failure postoperatively. In any event, resuscitation in an intensive care unit allows 
further monitoring of the patient during the operative procedure to be carried out 
in a more thorough and safe manner. In addition, there is good evidence from 
studies that the admission of patients to an intensive care unit for resuscitation 
prior to high-risk surgery (including surgery for surgical infection) results in a 
significant reduction in mortality [1, 2]. The time taken to achieve complete or 
relative hemodynamic stability can be used to perform needle puncture or other 
techniques to obtain culture results. The provision of adequate antibiotic cover 
prior to the start of surgery has been shown to influence outcome [3]. 
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Dr. Schoffel makes an interesting point in the section headed “The Improving 
Patient”. He states that even if an infectious source has been identified the plan- 
ned surgical intervention should be canceled if the patient shows significant and 
sustained clinical improvement. I support this view. An area of controversy which 
will be dealt with in Chap. 42, is the role of planned relaparotomy. The finding of 
severe peritoneal contamination during an initial laparotomy often leads to a re- 
quest by the operator for a planned second look. The clinical signs of sepsis or 
organ disfunction should reinforce the need for a relaparotomy. On the other 
hand, it is my opinion that a planned relaparotomy should be canceled if the 
patient shows significant clinical improvement. This is particularly important 
since there is some evidence that the strategy of planned relaparotomy can lead 
to an increase in complications, including development of intestinal fistula [4]. 

The section entitled “Interventional Insult” underlines the importance of the 
second hit theory in determining organ dysfunction and poor outcome. The con- 
cept that a prolonged one-step approach to definitively eliminate the source of 
infection may sometimes prove inferior to temporizing, palliative procedures is 
interesting. Again, by analogy to trauma surgery, it fits in well with the concept of 
damage control. In other words, it may be wise to drain an infective focus, carry 
out further resuscitation of the patient, and, at a later stage, carry out definitive 
source control. While it is easy to agree with the apparent common sense of such 
a statement, it would be interesting to examine whether the view can be suppor- 
ted by references from the literature. 

In the section entitled “Diagnostic Delay,” a view is expressed that, where diag- 
nostic certainty is difficult to achieve, patients should be subjected to further 
diagnostic procedures prior to intervention. This is a particularly important 
principle in the intensive care situation where sedated, ventilated patients are 
more difficult to assess clinically. My view is that signs of deterioration in organ 
function within 2 or 3 days of a laparotomy for intraabdominal infection should 
lead, in the absence of other causes, to a relaparotomy. However, when clinical de- 
terioration occurs 4 or more days after a previous laparotomy, it is almost always 
better to carry out CT scanning prior to a surgical intervention, since at that 
stage localization of infection is more likely and percutaneous drainage may be 
an option. 

In the section entitled “Controversies”, the author states that “there are pati- 
ents who are too ill to be operated upon.” An alternative view is that patients who 
are so ill must be operated upon, since allowing a patient to die of infection with- 
out an attempt at surgical source control is usually inappropriate. Moribund pa- 
tients should not be operated upon when it is virtually certain that they will die 
during the surgical procedure. On the other hand, an intensive care patient who 
is ventilated with full invasive monitoring, in whom a degree of hemodynamic 
stability can be achieved, should not be denied a surgical intervention. 
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Editorial Comment 

When confronted with any surgical infection, the surgeon has a very limited 
menu of strategic options to choose from: 

• Surgery now: run to the OR. As both Drs. Schoffel and Ramsay emphasize, this 
situation, when a patient is too sick to be adequately resuscitated for at least 
1-2 h, almost never exists in the settings of surgical infection. 

• Surgery tonight: this the commonest scenario, when the patient with clinical 
peritonitis and free air on X-ray is operated on a few hours after admission. 

• Surgery tomorrow: well-localized conditions such as acute appendicitis or 
cholecystitis, in the absence of severe local and systemic manifestations, can be 
safely added to the day operative list. 

• Surgery maybe in a few days: the patient with a contained leak after anterior 
resection - let us try to cool him down and see. 

• No surgery: most patients with acute diverticulitis. 

That the time factor is crucial but notoriously unpredictable may be exemplified 
with a patient sustaining a perforation of his colon during colonoscopy. Based on 
the mechanisms of perforation and the clinical, local, and systemic, manifesta- 
tions this patient may be treated with no surgery or surgery tonight. When the 
no surgery approach fails, it is substituted with surgery tomorrow. On the other 
hand, we have seen such patients rapidly deteriorate within a few hours and die 
in intractable septic shock. In court the plaintiff’s lawyer will always claim that 
the negligent delay in operation was the cause of death. And usually the jury will 
accept such a claim! 

Two of Dr. Schoffel’s statements are sufficiently important that they bear 
repeating: that the time course of an infection can never be reliably predicted in 
the clinical setting and that in the clinical situation decisions must be made 
through consideration of a worst-case scenario. 




30 Complications of Source Control 

Mark A. Malangoni 



Key Principles 

• Complications of source control often result from technical errors or local fac- 
tors that impair healing. 

• Diagnosis and drainage of local infection and correction of fluid and electrolyte 
disorders are important for successful treatment. 

• Control of fistulous drainage and provision of appropriate nutritional support 
are important secondary goals of management. 



General Comments 

In spite of optimal efforts to obtain appropriate control of the source of intrape- 
ritoneal infection, complications will occasionally develop. Two of the most frus- 
trating and difficult problems encountered are anastomotic leaks and fistulas. 
At best, the development of these complications substantially increases the 
complexities of patient management and hospital length of stay. At worst, the 
associated mortality for these events is high. 

Whenever a leak from an anastomosis or suture line occurs, it is important to 
critically review the circumstances of the original operation. Sometimes errors 
in technique or judgment that may have contributed to these complications can 
be identified. This exercise is an important one and can help target areas where 
quality improvement is necessary. 

Vague, nondescript symptoms and signs such as abdominal pain and disten- 
sion, ileus, a low-grade fever, and leukocytosis often precede the appearance of 
anastomotic leaks and fistulas. Whenever an incisional infection develops after 
an operation for intra-abdominal infection, a suture line leak should be suspec- 
ted, since this is often the initial manifestation of this complication and is fol- 
lowed later by drainage of intestinal contents through the incision. 

There are a variety of causes for failure of suture line healing (Table i). Expe- 
rience suggests that impairment of venous drainage due to improper mesenteric 
dissection near the anastomotic area is an important cause for anastomotic 
failure. Impaired healing of a suture line or anastomosis can be a result of other 
circumstances (Table 2). The same factors that contribute to the development of 
a leak also will prevent a fistula from closing spontaneously [1]. It is imperative 
to avoid these problems either by not performing an anastomosis or repair, con- 
structing the suture line at an area that is not involved by these abnormalities, or 
physically moving the anastomosis to a remote area. 
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Table 1. Technical causes of anastomotic leaks and fistulas 

Tension on the suture line or anastomosis 
Impairment of blood supply due to: 

Arterial compromise 
Occlusion of venous drainage 
Overlapping suture lines 
Improper placement of sutures resulting in: 

Defect in the closure 
Eversion of mucosa 

Entrapment of intestine during fascial closure 
Unintentional injury due to: 

Electrocautery 
Lysis of adhesions 



Table 2. Additional factors contributing to anastomotic leaks and fistulas 

Persistent infection 

Distal intestinal obstruction 

Cancer 

Acute inflammatory bowel disease 
Radiation enteritis 
Improper placement of a drain 
Intestinal tuberculosis (rare) 



The major causes of death from an anastomotic leak or fistula are uncontrolled 
sepsis, fluid and electrolyte imbalances, and malnutrition. The surgeon should 
make an immediate effort to identify whether these complications are present 
and, if so, they should be treated rapidly. First and foremost, any fluid and elec- 
trolyte abnormalities should be corrected, by adequate resuscitation using 
crystalloid and/or colloid solutions to increase intravascular volume. Renal func- 
tion should be assessed before intravenous potassium is given, unless the patient 
has profound hypokalemia. Parenteral antibiotics should be started and agents 
effective against intra-abdominal infections should be selected. It is extremely 
important to assess whether the draining enteric content is or can be controlled, 
since failure to control infection is the leading cause of death due to intestinal leaks. 

The gut should be put “at rest” by stopping enteral intake and placing a gastric 
drainage tube until the amount of drainage can be quantified and the impact of 
these maneuvers can be assessed. Abdominal computed tomography will help 
identify any fluid collections or abscesses that need to be drained either by ope- 
ration or by percutaneous methods. Drainage from a fistula often can be con- 
trolled with a continuous suction or sump drain. If these measures do not con- 
trol the drainage adequately, then operation is needed. Operation also is 
indicated when there is a large area of anastomotic disruption (> i cm^), a short, 
epithelialized fistulous tract (<2 cm), or for any of the other reasons contribu- 
ting to a persistent fistula as listed above. 
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Once these immediate priorities have been addressed, a fistulogram should be 
done to guide treatment decisions and better define the likelihood of sponta- 
neous closure. The fistulous drainage should be controlled to minimize skin ir- 
ritation. An enterostomal therapist can often help to construct an appropriate 
skin barrier in this situation. In addition, the patient’s nutritional requirements 
will need to be satisfied [2]. Enteral nutritional support is preferred since enter- 
al feeding results in a reduced incidence of multiple organ failure and superior 
outcomes compared to parenteral nutritional support. There are times when it 
may not be appropriate to use enteral feeding unless it can be directed distal to 
the leak. Conversely, some fistulas of the large intestine and pancreas will not be 
adversely affected by enteral feeding. When enteral nutritional support is not fea- 
sible, total parenteral nutrition should be started after fluid and electrolyte dis- 
orders have been corrected. The goal of management of anastomotic leaks and 
fistulas is closure. Adequate nutritional support helps reduce the risk of develo- 
ping other complications such as pneumonia, which also can increase mortality. 

Patients who develop significant anastomotic disruption or who have obvious 
peritonitis should be resuscitated and readied for an emergency operation; 
broad-spectrum antimicrobial agents should be started immediately. The choices 
for source control at this operation are generally similar to those at the previous 
operation for source control; however, it is more likely that a stoma or other 
diversionary procedure will be needed at reoperation. 

The primary goal of the management of anastomotic leaks and fistulas is clo- 
sure [3-5]. It is very important to determine whether spontaneous closure is like- 
ly or whether the patient will be better treated by operation (Table 3). Once it has 
been determined that an operation is needed, the procedure should be perfor- 
med without delay. Fistulas that recur following spontaneous closure almost al- 
ways require operation. The operative treatment of anastomotic leaks and fistu- 
las should not be viewed as competitive with nonoperative management; rather, 
these methods both can result in successful resolution of the problem. What is 
important is to select the most appropriate treatment based on safety, experience, 
and the circumstances at hand. 

Table 3. Factors that prevent spontaneous closure of an intestinal fistula 

Disruption of intestinal continuity 
Distal intestinal obstruction 

Presence of a foreign body (e.g., prosthetic mesh, drain) 

Fusion of the intestinal mucosa and skin 

Active peritonitis or abscess 



The Operation 

When operation is needed, it may be beneficial to choose an incision away from 
the previous one. This allows for easier and more rapid entry into the abdominal 
cavity and can help avoid unintentional injury to the surrounding intestine, a fac- 
tor that can result in fistula recurrence. In general, the fistula should be excised 
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completely to include a margin of bowel and a primary anastomosis or suture 
performed at an area of normal intestine. Attempts at so-called local repair 
usually are unsuccessful. The fistulous track should be excised or curetted to de- 
stroy any residual mucosa. Failure to do so often results in delayed healing or a 
persistent sinus. The skin generally is left to heal by secondary intention or is ma- 
naged by delayed primary closure. Diversion of proximal enteric contents from 
the site of closure is another important component of treatment and can usual- 
ly be accomplished by sump tube decompression. A feeding jej unostomy or post- 
pyloric feeding tube should be placed when operating on fistulas of the upper 
gastrointestinal tract. One should avoid placing drains in the area of repair and 
suture lines should be remote from any abscess cavity. 

Specific Considerations 

Esophagus 

Because of a strong tendency for recurrence, these leaks should be reinforced 
with other tissues [6]. The stomach can be used to reinforce suture lines of the 
distal esophagus. Otherwise, an intercostal muscle flap placed over the suture line 
has been demonstrated to result in superior healing. Pleural patches usually do 
not work as well as intercostal muscle (see Chap. 20). 



Stomach 

Gastric resection and conversion to a gastrojejunostomy should be used to treat 
gastroduodenal anastomotic leaks. Leaks or fistulas from a gastrojejunal anasto- 
mosis are best treated by drainage since resection is associated with a high inci- 
dence of recurrence. Distal gastric fistulas should be managed with gastric re- 
section and gastrojejunostomy (see Chap. 11). 



Duodenum 

Lateral duodenal fistulas have a very low rate of spontaneous closure. Early ope- 
ration to divert gastric secretions from the area of involvement is strongly re- 
commended. A tube duodenostomy and sufficient drainage are essential compo- 
nents of management. 



Small Intestine 

Patients with recurrent or multiple fistulas should have a proximal enterostomy to 
divert enteric contents in order to optimize chances for healing. Fistulas of the di- 
stal ileum are more likely to close spontaneously than proximal fistulas. Appendiceal 
fistulas are rare; their occurrence suggests distal obstruction from colon cancer. 
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Large Intestine 

These fistulas are most likely to close spontaneously. When operation is needed, 
creation of a colostomy is often needed for success. 



Pancreas 

Pancreatic fistulas will usually close within 30-60 days. Distal pancreatectomy is 
commonly necessary for fistulas of the body or tail. External drainage is prefer- 
red for fistulas of the proximal pancreas. There also has been recent success with 
endoscopic stents for proximal fistulas. 



Critical Issues and Summary 

The development of an anastomotic leak or fistula following operations for source 
control often results from technical and judgmental errors at the initial operation. 
When a leak or fistula occurs, the essential principles of management are: 

• Gain control of any associated infection and begin antimicrobial treatment. 

• Correct fluid and electrolyte abnormalities immediately. 

• Control any fistulous drainage and provide nutritional support. 

Remember that the goals of management are patient survival and fistula closure. 
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Diagram i. Management algorithm for anastomotic leaks and fistulas 



Invited Commentary 

Hannes Wacha 



Anastomotic leaks and fistulas are among the most frustrating and difficult pro- 
blems of source control. Other complications of source control include wound in- 
fections and abscesses, wound dehiscence and hernia, and systemic infectious 
complications such as sepsis and pneumonia. 



Fistula 

Postoperative abscesses and peritonitis and delayed postoperative bowel func- 
tion may be early signs of fistula formation. Fistulas following perforation of the 
upper GI tract are the exception. The incidence of fistulas varies according to the 
type of operation, ranging from 2% after perforated appendicitis to 6 % after large 
and small bowel surgery and ii% in postoperative peritonitis [i]. 

Common causes of fistula formation include repeated operations and techni- 
cal complications after radical debridement [2]. While proponents of planned 
reoperation believe this technique has the advantage of early detection of ana- 
stomotic leaks and fistulas, radical debridement and planned reoperations do not 
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improve survival; why do more than necessary in the management of source con- 
trol? 

It is generally accepted that a stoma or a diversionary procedure is necessary 
for patients with an anastomotic dehiscence. This philosophy has not changed 
despite new suture techniques and planned relaparotomy. In some cases, how- 
ever, a reanastomosis done in infected area may be successful if protected by 
absorbable mesh (personal experience). The time of reintervention should be 
chosen carefully. In cases of fistula in the upper GI tract, this may be difficult be- 
cause of high fluid loss leading to metabolic and nutritional problems. The defi- 
nitive operation should not be attempted before the 3rd week and in the colon 
before 6-8 weeks. I do not agree that wounds should always be left to heal by 
secondary intention. In my experience, primary closure is reasonable when exci- 
sion of the fistula or dehiscence can be accomplished and an anastomosis crea- 
ted. Wound excision, primary closure, and appropriate antibiotics will result in 
primary healing in most cases. 



Wound Infection and Abscesses 

Even following diffuse peritonitis, major wound complications are uncommon. 
Their frequency varies from 8% in patients with perforated ulcers of the stomach 
and duodenum, to 20% in patients with perforated appendicitis [1]. These results 
were achieved with primary wound closure and appropriate antibiotics. The dia- 
gnosis of wound infection may be delayed because of prolonged antibiotic ad- 
ministration. This is one reason to limit antibiotic therapy for 3-5 days. 

In my experience, adequate reopening of an infected wound does not require 
opening up the incision completely. Foreign material must be removed, because 
of delayed resorption in the presence of pus. Intraabdominal or retroperitoneal 
abscesses require drainage. Depending on the duration, contents, and localiza- 
tion, open drainage is not always required. When there is a single abscess and mi- 
nimal necrotic tissue, percutaneous puncture using ultrasound or radiological 
guidance is possible. Relapse is to be expected when drainage procedures are 
incomplete or when surrounding organs do not allow shrinking of the abscess. 
Subphrenic abscesses can be drained transcostally, pelvic abscesses transrectal- 
ly or transvaginally. 



Dehiscence and Hernia 

Wound dehiscence and hernias may develop following operations for diffuse 
secondary peritonitis. The incidence varies from 3% following perforation of the 
stomach or colon to 13% in small bowel perforation, and up to 25% in postope- 
rative peritonitis. The more operations that are performed, the higher the like- 
lihood is of developing a hernia. Whenever tension-free closure of the abdomen 
is not possible, absorbable mesh can be used to protect the bowel. Mesh is well 
tolerated in infected wounds, but for definitive wound closure, autologous fascial 
grafts should be used [3]. 
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Sepsis and Pneumonia 

Certain extraperitoneal infective complications seem to be typically related to 
the site of origin of peritonitis [i, 4]. There is a high incidence of pneumonia in 
patients with a perforated stomach or postoperative peritonitis (32%). The sep- 
sis rate was highest in postoperative peritonitis (34%) and significantly higher in 
patients with inadequate antibiotic coverage (39%) or in patients undergoing 
planned reoperations (45%). Are these typical complications of source control? 



Enterococci and Source Control 

The influence of microbiological findings including enterococci and the impact 
of an appropriate antibiotic regime on the prognosis of peritonitis is controver- 
sial. Enterococci are markers for patients at increased risk of developing compli- 
cations. Patients with intra-abdominal infections who did not receive appropriate 
antibiotics had a significantly higher postoperative infective complication rate 
than those treated with antibiotics effective against enterococci. There was, 
however, no significant difference in mortality in this group of patients. Both bac- 
terial complication rates (38% vs 70%) and mortality (14% vs 47%) have been 
shown to differ in patients having or not having source control [1]. Most compli- 
cations occur in patients having more than one operation and particularly in 
those patients having planned reoperations [5]. 



Conclusion 

In my opinion, complication rates correlate with overtreatment. These compli- 
cations are the result of a surgical technique performed too vigorously or of pro- 
longed parenteral nutrition or antibiotics. 

I would include as a key principle in the prevention and treatment of compli- 
cations of source control early enteral feeding and the normalizing of the bowel 
function [6], because failure of the gut often precedes further complications. De- 
layed recovery of GI motility is a characteristic response to abdominal surgery. 
There is no single measure that can reduce postoperative ileus. Early oral feeding 
stimulates secretion of intestinal hormones that exert a stimulatory effect on 
gastrointestinal motility. Early feeding and limited antibiotic treatment norma- 
lizes the intestinal flora; conversely, immobilization of the patient, anesthesia, 
inadequate pain management, and nasogastric tubes favor the development of 
pneumonia and depress gastrointestinal motility [7]. In addition to adequate 
surgery, a comprehensive approach in the surgical ICU may reduce and treat 
complications of source control. 
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Editorial Comment 

In this chapter, Dr. Malangoni provides an overview of an often lethal complica- 
tion of source control: anastomotic dehiscence. Commentator Wacha stresses the 
contribution of overtreatment to the genesis of postoperative intestinal leaks and 
underlines the importance of the overall care in the salvage of these patients. 
There are two common clinical scenarios of postoperative intestinal leak: 

• The leak is obvious: intestinal contents are draining from the operative wound 
or from the drain site. 

• One suspects a leak but does not see one. 

There is little controversy that an established postoperative external enterocuta- 
neous fistula should initially be treated conservatively. But what about early post- 
operative intestinal leakage, presenting a day or two after the initial operation for 
source control? Should it be managed with an immediate reoperation as we 
would do for any simple gastrointestinal perforation, or should we treat it con- 
servatively as we would treat an established fistula? 



The Role of Nonoperative Management 

As Dr. Malangoni writes, with adequate conservative-supportive management, 
and in the absence of distal obstruction or loss of bowel continuity, the majority 
of postoperative fistulas will close spontaneously. Those that fail to close within 
6 weeks will require an elective reoperation. Surgery performed on an anabolic 
patient, in a less hostile peritoneal environment, will restore the gastrointestinal 
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tract with a minimal rate of complication. A crucial issue when deciding on a tri- 
al of conservative management is the absence or presence of peritonitis and/or 
sepsis: clinical peritonitis is an indication for an immediate operation. Even when 
clinical peritonitis is not present, clinical evidence of sepsis should promote an 
aggressive search for drainable intraabdominal pus. This search is best accom- 
plished with a CT scan: abscesses should be drained percutaneously or by 
laparotomy. Notably, in contemporary unselected series of postoperative entero- 
cutaneous fistulas one-third of patients still die - usually from neglected intra- 
abdominal infection [i]. 



The Role of Operative Management 

There is a great temptation to attempt reanastomosis in patients with an anasto- 
motic leak; however, attempts at primary closure of a leaking intestinal suture 
line in the presence of postoperative peritonitis are doomed to fail. Although 
such an attempt may occasionally be successful, saving the patient a prolonged 
hospitalization and morbidity, when a leak redevelops, it represents a tremen- 
dous “second hit” -- in an already primed, susceptible and compromised host - 
and death or significant morbidity is common. 

We believe that a trial of conservative management of anastomotic dehiscen- 
ce is warranted when: 

• There is no clinical peritonitis. 

• There are no associated abscesses on CT that cannot be drained percuta- 
neously. 

• The surgeon knows the underlying cause of the leak, had performed the first 
operation, and knows with a reasonable certainty where the leakage is origi- 
nating from (an anastomosis or an enterotomy). Obviously these conditions 
may not be met in a patient transferred from another institution. 

An immediate relaparotomy is warranted when: 

• There is clinical evidence of peritonitis. 

• Abdominal compartment syndrome is present. 

• The surgeon does not have adequate information about the index operation. 



What to Do During an Emergency Relaparotomy? 

The decision is based on several factors, including the condition of the bowel, the 
condition of the peritoneal cavity, and the condition of the patient. Very rarely y in 
a stable, minimally compromised patient, when peritonitis is macroscopically 
minimal, the bowel appears to be of good quality and the serum albumin is nor- 
mal, we will resect the involved segment and reanastomose. Such a decision is 
made when a leak presents within a day or two of operation, typically as a result 
of a technical mishap. The less heroic but logical and life-saving option of exte- 
riorization of the leak as an enterostomy should be performed if there is any 
question about the safety of primary repair. 
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Conservative Management 

• Protection of the skin around a fistula from the corrosive intestinal juice can 
often be accomplished using a well-fitting colostomy bag. Alternatively, drai- 
nage from a fistula can be controlled with a tube connected to continuous suc- 
tion; stomadhesive sheaths are positioned around the defect and the entire 
field is then covered with an adhesive transparent dressing [2]. 

• Providing nutrition. Proximal gastrointestinal fistulas often require TPN, 
whereas distal small bowel and colonic fistulas will close spontaneously 
whether the patient is fed orally or not. When at all possible, the intestine should 
be used as the preferred route of nutritional support. For patients with high 
fistulas, it is often possible, and probably beneficial, to collect the fistulous out- 
put, reinfusing it with the enteral diet into the bowel below the fistula. 

• Delineate anatomy. This is best done with a sinogram, injecting water-soluble 
contrast medium into the fistulous tract to document the level of the defect and 
the presence or absence of distal obstruction or loss of continuity, prerequisites 
for successful conservative management. 

Colonic anastomotic leaks are best visualized with a Gastrografin enema. For up- 
per gastrointestinal and small bowel anastomoses Gastrografin can be given 
from above, combining the contrast study with a CT scan to look for free intra- 
peritoneal contrast or abscesses. 

The initial output of a fistula is of little prognostic significance. A fistula which 
drains 1,000 ml/day during the first week has the same chance of spontaneous 
closure as one with an output of 500 ml/day. While attempts to decrease the 
fistulous output by starvation and administration of a somatostatin analogue are 
cosmetically appealing; these strategies have not proven to be beneficial. 



Fistula Associated with a Large Abdominal Wall Defect 

Commonly, the result of intestinal leaks and reoperative surgery is an abdominal 
wall defect with multiple intestinal fistulas in its base. This so-called complex or 
type IV fistula represents a catastrophe, which carries a very high mortality rate 
[3] (according to our classification, type A are foregut fistulas; type B small 
bowel; type C colonic [1]). The distance of the fistulous opening in the intestine 
from the surface of the defect and the condition of the peritoneal cavity influen- 
ce the treatment of this condition. It is practical to distinguish between two si- 
tuations. 

• Type IV-A fistula. When the fistula is located in the depth of the infected 
abdominal defect, the prolonged contact of large peritoneal surfaces with 
gastrointestinal contents allows increased absorption of toxic products, per- 
petuating a local and systemic inflammatory response and organ dysfunction. 
In such instances, reoperation is necessary to exteriorize or divert the intestinal 
leak away from the defect. 

• Type IV-B fistulas are exposed fistulas near the surface of the defect. Also cal- 
led bud fistulas, they result from damage to intestine exposed at the base of the 
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defect. Because the peritoneal cavity is usually clean and sealed away from 
intestinal contents, an expectant approach is indicated. A simple rule of thumb 
is that the condition of the abdominal wall defect reflects the condition of the 
peritoneal cavity. A well-contracted abdominal wall defect in which the fistula 
looks like a surgical stoma suggests that an elective intervention is possible and 
safe. An exposed-bud fistula can be managed temporarily (until definitive re- 
construction) by defining the mucosal and submucosal layer of the pouting in- 
testinal hole and closing it with a fine monofilament suture. The repaired 
bowel and surrounding abdominal wall defect are then covered with a split- 
thickness skin graft. 

Anastomotic leaks comprise a spectrum of conditions requiring a variety of the- 
rapeutic approaches. To minimize morbidity, treatment must be tailored to the 
specific leak, its degree, and the affected patient. 
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31 Reoperation After Source Control Surgery 
for Intra-abdominal Infection 

Ori D. Rotstein 



Key Principles 

• In general, reoperation should be delayed for several months following reso- 
lution of all complications arising from the source control operation. It seems 
prudent to delay surgery for at least 6 months. 

• The sensitive nature of reoperatlon for prior complications requires a strong 
physician-patient relationship to minimize patient anxiety prior to the proce- 
dure. 

• In all reoperative cases, it is critically Important for the operating surgeon to fully 
understand the nature of prior surgeries. 

• It is preferable to enter the peritoneal cavity through a "virgin area" of the 
abdominal wall. 



Introduction 

Several general principles underlie the surgical management of patients with in- 
tra-abdominal infection. These include drainage and debridement of infection or 
infected tissues in the abdominal cavity, management of the underlying patho- 
logical process, and appropriate wound management. For the purpose of this ma- 
nuscript, the model of colonic anastomotic dehiscence following elective colon 
resection will be used as the template for considering approaches to reoperation 
following initial source control surgery for diffuse postoperative peritoneal in- 
fection. At the initial reoperation, the patient would likely have had a repeat la- 
parotomy through the initial midline abdominal wall incision. Fecal material as 
well as purulent exudates are aspirated from the peritoneal cavity complemen- 
ted by irrigation with warmed crystalloid solution to facilitate removal of parti- 
culate debris. Depending on the location of the dehiscence, the degree of break- 
down of the anastomosis and the amount of peritoneal soiling, the anastomosis 
will have been taken down entirely with formation of an end stoma and mucus 
fistula/closed stump or alternatively have been defunctioned with a proximal 
stoma and drained externally at the site of the anastomotic breakdown. If possi- 
ble, the abdominal wall fascia is closed primarily but otherwise an absorbable 
mesh is secured to fascia or skin to maintain the intestines in situ and hence right 
of domain. Finally, the skin is left open to minimize postoperative wound infec- 
tion in a markedly contaminated field. In the postoperative period, the patient 
may require insertion of a percutaneous drain to treat recurrent or residual in- 
tra-abdominal infection. The wound is allowed to epithelialize with or without 
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the help of split thickness skin grafts. The stage is now set: after a complicated 
initial hospital course, the patient is discharged facing the prospect of reopera- 
tion to return him to his preoperative state. 



Preparing for the Reoperation 

Timing 

In general, reoperation should be delayed for several months following resolu- 
tion of all complications arising from the source control operation. The most 
compelling reason relates to the general nutritional and metabolic status of the 
patient. Patients who have had repeat interventions for intra-abdominal infection 
lose weight and muscle mass as a result of reduced caloric intake in a setting of 
hypermetabolism. Once infection has resolved, wounds have healed and ade- 
quate caloric intake has been reinitiated, the stimuli for hypermetabolism are re- 
moved, permitting full restoration of the premorbid state, including nutritional, 
metabolic, and immunological parameters. These will impact on wound healing, 
coagulation, and ability to resist infection following restorative surgery. The 
optimal route of nutritional support during the period prior to reoperation will 
depend on the patient’s underlying anatomy. A patient with an intact upper 
gastrointestinal tract and distal stomas will usually tolerate enteral nutrition. Of- 
ten tube feeding is necessary initially until the patient regains appetite and the 
ability to consume sufficient calories by oral diet. Even patients with GI fistulas 
should be offered a trial of enteral nutrition since this frequently has little impact 
on fistula output and is well tolerated. Patients requiring total parenteral nutrition 
(TPN), particularly in the home setting, require considerably more care and are 
subject to the risks of TPN including line complications, line infection and 
metabolic imbalance. 

The second major reason for delaying reoperative intervention relates to the 
ease of surgery. One of the major technical obstacles during reoperative perito- 
neal surgery is the presence of dense vascularized adhesions. These make entry 
into the peritoneal cavity and mobilization of structures both difficult and pre- 
carious. Even mobilization of stomas from the abdominal wall is rendered diffi- 
cult by dense adhesions between the subcutaneous tissues and the segment of 
bowel as it passes through the abdominal wall. While the presence of these vas- 
cularized adhesions is a normal component of the acute proliferative phase of 
healing, studies by Ellis have shown that ischemic and necrotic tissues present in 
the peritoneal cavity at the initial reoperation augment the vascularity of sub- 
sequent adhesions [i, 2]. 

Few studies have evaluated the effect of timing on outcome following closure 
of stomas. One report assessed the effect of timing of closure of Hartmann’s pro- 
cedure on complications related to the operation. In this retrospective study, a 
multivariate analysis showed that a prolonged interval (>6 months) between the 
initial Hartmann’s procedure and its closure was associated with a lower in- 
cidence of anastomotic complications and a shorter hospital stay [3]. In another 
study examining outcome of colostomy closure, the authors reported that all 
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wound, small bowel, and anastomotic complications related to stoma closure for 
Hartmann’s procedure or other colostomy types occurred when the closure was 
performed less than 6 months after the initial procedure [4]. Overall, it seems 
prudent to delay surgery for at least 6 months following surgery for source con- 
trol. 



Preoperative Preparation 

Consent 

As for all operations, the patient should be fully apprised of the nature of the 
procedure and its potential for complications. Frank discussion with the patient 
is particularly important for reoperative surgery since the patient will invariably 
have significant anxieties related to his/her prior surgery and the fact that it was 
complicated by postoperative infection. In my discussions with patients, I 
regularly raise the issue of the potential difficulty of the procedure, pointing out 
the potential for adhesions and therefore inadvertent injury and excessive blee- 
ding. The patient and the family should know that the procedure may be prolon- 
ged and may require an ICU stay in the postoperative period. Some of the anxiety 
of the patient maybe related to mistrust of physicians in general following a pre- 
viously complicated operation. The patient may request information about the 
previous operation and the reasons for its failure. Whether the surgeon for the 
reoperative procedure is the same as for the original procedure or a different sur- 
geon, it would seem most appropriate to attempt to focus most of the discussion 
on the upcoming procedure, its nature, and the potential for problems. Clearly, 
the sensitive nature of reoperation for prior complications requires a strong phy- 
sician-patient relationship to minimize patient anxiety prior to the procedure. 



Patient Preparation 

Definition of the Anatomy 

In all reoperative cases, it is critically important for the operating surgeon to fully 
understand the nature of the prior surgeries. Reviewing the previous operative 
notes as well as speaking with the original surgeon will consolidate one’s know- 
ledge of the initial pathological process and the precise anatomy to be corrected 
in the reoperative setting. In the absence of clear information, one should be very 
liberal about using preoperative contrast imaging or endoscopy to define the 
anatomy. In the hypothetical case of reoperation after a colonic anastomotic de- 
hiscence, the need for definition of the anatomy varies according to the initial 
source control procedure. A prior operation consisting of exteriorization of 
an end colostomy with nearby mucus fistula or exteriorization of the disrupted 
anastomosis are circumstances where investigation is probably unnecessary. In 
preparation for closure of a Hartmann’s procedure, the rectal stump should be 




Reoperation After Source Control Surgery for Intra-abdominal Infection 



303 



routinely investigated by endoscopy. This may help with planning of the opera- 
tion as well as locating the stump at surgery. Closure of a defunctioning ileo- 
stomy or colostomy should also be preceded by investigation of the original ana- 
stomosis. This is intended to rule out the presence of a stricture or persistent 
defect at that site. This approach should be contrasted to studies examining 
closure of stomas created to manage intestinal trauma closure following prior 
trauma patients. In this patient group, investigation of the distal colon prior to 
colostomy closure has been shown to yield little useful information and does not 
alter morbidity of the procedure [5]. In one study, the defunctioning stoma was 
performed following penetrating trauma in a generally young patient population. 
Ninety-eight percent of contrast studies were negative and the complication rate 
following stoma closure did not differ between patients with or without pre- 
operative barium enema. These results may similarly apply to nontrauma pa- 
tients such as those following anastomotic dehiscence, although the possibility 
of stricture due to initial anastomotic ischemia would seem to be increased. 
Finally, contrast studies are essential when complex fistulas exist and are to be 
treated by reoperative surgery. 



Perioperative Preparation 

The general principles related to preparation for any surgery should be applied 
to reoperation. These would include optimization of the general medical status 
of the patient, administration of subcutaneous heparin and/or other antithrom- 
botic strategies, and initiation of measures aimed at reducing postoperative in- 
fectious complications. Orthograde intestinal lavage by mouth as well as distally 
via the defunctioned limb has been recommended for mechanical preparation of 
the bowel and should be supplemented by the use of perioperative intravenous 
antibiotics [6]. The latter should include broad spectrum coverage of both facul- 
tative Gram-negative enterics as well as anaerobic bacteria. 



Operative Intervention 

Patient Positioning 

Patients should be positioned to permit optimal exposure to the field of surgery, 
to take into account potential requirements for extension of the operative field, 
and to facilitate optimal reconstruction of the gastrointestinal tract and/or drai- 
nage of the operative field. In the majority of situations, the supine position is 
adequate. Concomitant lithotomy positioning is often helpful, particularly when 
reconstruction involves the left colon or rectum, where transanal access for 
endoscopy or stapling may be useful. When reoperation involves the upper GI 
tract, left lateral decubitus positioning will allow an initial thoracoabdominal 
incision or extension of an abdominal incision into the chest. If flank drainage is 
anticipated, supine positioning with placement of a sandbag under the flank may 
facilitate dependent drainage of the field. 
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The Incision and Entering the Abdominal Cavity 

Stoma Closure 

Most stomas where both proximal and distal limbs are positioned together in a 
single stoma site can be closed by using the stoma site itself as the access point 
to mobilize the bowel as it passes through the abdominal wall. The skin is ope- 
ned 2-3 mm from the mucocutaneous junction of the stoma, providing tissue to 
grasp during mobilization. Occasionally this will have to be lengthened to facili- 
tate dissection down to the level of the fascia. The limbs are then dissected from 
the subcutaneous tissues and released from attachments to the abdominal fascia. 
This mobilization will provide length for closure of the bowel and also permit 
repair of the abdominal wall defect after the bowel is returned to the abdominal 
cavity. Injury to mesenteric vessels or to the seromuscular layer of the bowel du- 
ring mobilization will predispose to dehiscence of the closure or the development 
of a parastomal fistula in the postoperative period. These injuries are minimized 
by using meticulous dissection and by avoiding excessive traction on the limbs. 
Parastomal hernias complicate stoma formation in i%-2% of patients and the 
surgeon should be mindful of their possible presence during stoma mobilization 
[7]. In order to return the reconstructed bowel to the peritoneal cavity, it is 
necessary to free the bowel from its fascial attachments and to gain some mobi- 
lization of intraperitoneal structures away from the surrounding abdominal wall 
for a few centimeters in all directions. The extent of peritoneal adhesions will in- 
fluence the ease of accomplishing this. Care should be taken to avoid injury to ad- 
herent loops of intestines as well as to control bleeding from vascularized ad- 
hesion and omentum. This occasionally requires some extension of the fascial 
incision. It also underscores the importance of delaying reconstructive surgery, 
since this will minimize the extent and vascularity of these adhesions. 



Entering the Peritoneal Cavity 

When the abdominal cavity must be entered for stoma closure or reconstruction 
of bowel following fistula excision, careful planning of the location and type of 
incision is mandatory. It is preferable to enter the peritoneal cavity through a 
“virgin area” of the abdominal wall. This facilitates entry into the abdominal ca- 
vity by avoiding the areas where the most intense adhesions would be expected, 
i.e., beneath the previous abdominal wall incision and in the region of the abdo- 
men where the inflammation might have been the most severe. Inadvertent en- 
terotomy is relatively common during reoperation, occurring in approximately 
20% of patients, and is associated with a higher rate of postoperative complica- 
tion and a longer postoperative hospital stay [8]. In addition, it is a frustrating 
beginning to a potentially long and tedious operation. 

The use of the previous midline incision, beginning with entry either cepha- 
lad or caudad to this initial incision through an unoperated field is the most com- 
mon approach to reentering the abdomen. This approach provides broad access 
to the peritoneal cavity with opportunity for extension and is also readily closed. 
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Other approaches may include unilateral or bilateral subcostal incisions, trans- 
verse incisions, flank incisions or thoracoabdominal incisions. In general, these 
should be considered when a specific area of the abdomen is operated on, since 
they generally afford less access to the overall peritoneal cavity. For example, a 
subcostal incision may provide excellent exposure for reoperation in the biliary 
tree but would be a poor choice for rectosigmoid surgery. When placing new in- 
cisions, care should be taken not to render intervening tissue bridges ischemic. 
This might occur when a midline incision is placed adjacent to a previous para- 
median incision. It is preferable to use the previous paramedian incision with 
extension into the midline above or below. Similarly, placement of a midline 
incision crossing a subcostal incision may leave a triangle of ischemic tissue where 
the incisions intersect. Placement of the incisions such that they do not intersect 
may prevent this complication. 

Upon entering the peritoneal cavity, adhesions between the anterior abdomi- 
nal wall and the underlying omentum and bowel must be released. By 6 months 
following the initial surgery, adhesions are generally relatively filmy and readily 
divided using scissor or cautery dissection. Gentle traction on the bowel with 
counter-traction on the abdominal wall will facilitate exposure of the appropriate 
tissue plane for division. A similar approach is appropriate for dense adhesions, 
with some surgeons preferring knife dissection. During this dissection, it may be 
necessary to leave patches of abdominal wall (peritoneum with or without fascia) 
adherent to bowel to avoid enterotomy. During operations such as these, one of 
my mentors was known to caution, ‘Tt is better to leave abdominal wall on bowel 
than bowel on abdominal wall.” It is also noteworthy that enterotomies are not 
invariably due to injury by surgical instruments during dissection. Rather, they 
may be due to traction on the bowel due to overexuberant traction on the ab- 
dominal wall by an enthusiastic resident. Clearance of the fascial edges along 
both sides of the entire incision is necessary to achieve adequate and safe closure 
of the abdominal wall. 



Surgical Correction 

Managing Intra-abdominal Adhesions 

Having successfully entered the abdominal cavity, one faces varying degrees of 
interloop adhesions. The degree to which these must be lysed depends upon the 
particular operation to be performed. When one is operating on the colon for the 
purpose of stoma closure or reestablishment of colonic continuity, there is gene- 
rally little need to exhaustively take down small bowel adhesions. The fact that 
the patient has been tolerating a normal diet preoperatively provides ample evi- 
dence that the small bowel adhesions are not of physiological significance. While 
not having to lyse all adhesions, it is necessary, however, to free small bowel 
loops from their attachments to the colon so that the latter might be adequately 
mobilized to permit easy closure or anastomosis. When operating to close a small 
bowel stoma or to correct an enterocutaneous fistula, I am much more fastidious 
about lysis of interloop adhesions, particularly distal small bowel ones. The pre- 
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sence of a stoma or fistula may serve to defunction a distal small bowel adhesive 
obstruction prior to surgery and may therefore preclude its recognition. The 
presence of a distal obstruction following upstream anastomosis could prove 
catastrophic in the postoperative period. 

Adhesiolysis varies considerably in its degree of difficulty. Even when the re- 
operation is delayed more than 6 months since the initial operation and vascula- 
rized adhesions are no longer present, the number and density of residual fi- 
brous adhesions may still be significant and represent a significant technical 
challenge. As described for opening the peritoneal cavity, good lighting of the 
operative field, excellent surgical assistance and a dose of patience are absolute 
requirements for this part of the operation. Two experienced surgeons working 
together seems to facilitate adhesiolysis. One surgeon can splay the adhesions so 
that the other can use scissor dissection to divide them. Occasionally, cautery 
dissection is appropriate when bowel loops are widely separated but should be 
considered contraindicated when loops of bowel are closely adjacent. I frequent- 
ly use Lauer dissection to demonstrate particularly fibrous adhesive bands for di- 
vision by my assistant. During lysis of adhesions, one should also be wary of en- 
countering previous anastomoses. Adhesions may be particularly tenacious in 
these areas, particularly when the anastomosis was performed using a stapled 
technique. For stapled side-to-side functional end-to-end stapled anastomoses, 
the crotch of the anastomosis may be mistaken for intense adhesions. Failure to 
recognize this may result in inadvertent enterotomy and the attendant increased 
morbidity. 



Closure of Ostomies and Bowel Anastomosis 

Several reviews have addressed various issues related to stoma closure, where the 
initial stoma was performed during either elective surgery or as part of a source 
control procedure under emergency circumstances. Closure rates are lower than 
one might anticipate when performing them at the initial source control proce- 
dure. One review followed 73 patients who underwent emergency colostomy for- 
mation after colorectal surgery [9]. Only 60% of patients ultimately had colo- 
stomy closure, with the rate of closure higher in patients with diverticular disease 
(84.6%) compared to patients presenting initially with colorectal cancer (48.3%). 
Another study reported the rate of closure of stomas following source control 
surgery for anastomotic leakage following an anterior resection [10]. For “high” 
anastomoses, defined as being above the pouch of Douglas, the rate of closure of 
Hartmann's procedure was 91% (n/12 patients), whereas Hartmann's closure af- 
terglow” anastomoses was 0% (0/7 patients). Further, another nine patients trea- 
ted with a defunctioning stoma following low anastomotic dehiscence had suc- 
cessful restoration of gastrointestinal continuity with closure of the stoma. These 
findings are relevant to preparing the patient as to the potential success of their 
restorative procedure as well as the decision-making process that should occur 
at the initial source control operation. 

Several options are available for closure of defunctioning loop ileostomies. 
These include: 
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• Simple closure of the enterotomy by suturing 

• Stapled side-to-side closure 

• Limited resection with hand-sewn or stapled anastomosis. 

The overall complication rate varies from approximately io% to 30%, with the 
majority of complications being wound infection, fever, small-bowel obstruc- 
tion, and anastomotic leak [6, 11, 12]. In one study, postreversal bowel obstruction 
was highest for limited resection with anastomosis, lowest for simple closure by 
suturing, and intermediate for stapled side-to-side anastomosis. Other compli- 
cations did not differ. This study was retrospective in nature and therefore sub- 
ject to bias related to patient selection [11]. Hull and colleagues compared take- 
down of loop ileostomies using either simple closure or stapled technique 
assigned by random allocation [12]. These authors had a remarkably low mor- 
bidity rate and showed no difference between the two techniques, except that the 
hand-sewn operation was marginally faster. 

For colostomy closure, both hand-sewn and stapled techniques appear to be 
commonly used. For loop colostomies, mobilization without formal laparotomy is 
usual and closure is frequently performed using a hand-sewn technique. For closure 
of stomas via a transperitoneaJ approach, it is critically important to achieve ade- 
quate mobilization of the colon and/or small intestine to ensure a tension-free ana- 
stomosis. This invariably requires mobilization of the left or right colon (or both) 
from their retroperitoneal attachments. Whether continuity is reestablished using 
the hand-sewn or stapled technique is somewhat controversial, but is likely relati- 
vely unimportant. A recent Cochrane Review compared hand-sewn to stapled me- 
thods for colorectal anastomoses [13]. No difference was found for overall mortali- 
ty, anastomotic dehiscence rate, wound infection, or hospital stay. Hand-sewn 
anastomoses appeared to have a slight reduction in stricture formation and reope- 
ration rate, while stapled anastomoses were slighdy faster. The authors concluded 
that the evidence did not support the superiority of one technique over the other. 

Hartmann’s procedure is a frequently performed source control procedure for 
the management of perforation of the sigmoid and rectum. Both hand-sewn and 
stapled approaches have been described for Hartmann’s closure, although the 
modern circular stapling device seems to have made this approach preferable. At 
surgery, the patient is positioned in a lithotomy position for insertion of the sta- 
pling device. After dissecting the small bowel out of the pelvis, the residual stump 
is identified. Identification is obviously easier when the distal stump is long and 
protrudes into the peritoneal cavity. Insertion of a “sizing instrument” tran- 
sanally can help identify the rectal stump. Needless to say, it is essential that the 
sizer is passed transanally in women and not transvaginally since this would re- 
sult in a colovaginal anastomosis if not recognized. Some surgeons actually pack 
the vagina preoperatively to prevent this complication and more importantly, to 
identify the apex of the vagina to prevent injury. The rectum need only be clea- 
red for a length of 4-6 cm prior to performing either a hand-sewn or stapled ana- 
stomosis. Some studies have suggested a higher stricture rate for stapled anasto- 
moses. For Hartmann’s closure, it is preferable to use the largest stapler diameter 
possible in order to minimize this complication. For both hand-sewn and stap- 
led anastomoses, tension-free anastomosis of well-vascularized bowel will help 
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minimize this complication. Recent reports have suggested that reversal of a 
Hartmann’s procedure may be successfully accomplished laparoscopically [14]. 
Indeed, this colonic procedure seems ideally suited to a laparoscopic approach 
since the mobilized stoma is readily available for insertion of the stapler anvil, 
while the stapler itself is passed transanally to achieve an intracorporeal anasto- 
mosis. While this approach appears promising, it remains in the realm of the ex- 
pert laparoscopist with skill at lysis of adhesions, division of mesenteric vessels, 
and performance of intracorporeal suturing and stapling. 



Summary 

Success after reoperative surgery requires comprehensive preoperative prepara- 
tion of the patient plus skill and patience in the operating room. Together, these 
hold the greatest promise for achieving an optimal outcome. 
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Invited Commentary 

Timothy C. Fabian 



Dr. Rotstein has written a fine manuscript concerning late reoperation after source 
control surgery. Salient principles including patient and surgeon preparation, 
timing for the reoperative procedure, and technical details concerning the con- 
duct of the operative procedure were addressed. I will begin by stating that I am 
in agreement with essentially all of the principles which are outlined. After a few 
introductory comments, this commentary will address the issue of abdominal 
wall reconstruction in those cases where large ventral hernia defects result from 
initial wound management in some of these complex cases. As can be said for 
many issues in life, “timing is everything” in operative management of these pa- 
tients. The general recommendation in this article is that there be an interval of 
at least 6 months between the initial procedure and reoperation. We have a fair- 
ly large experience with these cases at our institution and it is rare that we would 
reoperate before 6 months with 8o% of our cases being done in the 6- to 9-month 
interval. We have a biological measurement which we rely on heavily for decisi- 
ons for reoperation and I will return to a discussion of that measurement in a bit. 

An excellent recommendation for reviewing the previous operative notes has 
been made by the author and I heartily concur. This seems like an obvious prin- 
ciple in management, but one that is often overlooked. God, indeed, rewards those 
who enter the operating room with a prepared mind. That preparation is best for 
the outcome of the patient and the confidence of the surgeon. These two issues 
are, of course, intimately intertwined. 

There are several practical points made concerning surgical dissection. It is 
clearly better to enter the peritoneal cavity at a point above or below the previous 
incision, as there are minimal adhesions to the peritoneal surface in that location. 
I use a variety of techniques for adhesiolysis and settle with the one in each case 
that seems to be working best. These involve scalpel dissection, use of elec- 
trocautery, or, frequently, the suction tip works very nicely as a vacuum, which 
amazingly lyses dense adhesions from the peritoneal wall with minimal blood 
loss. At times it seems as though there is a brain in the suction tip that allows it 
to find the perfectly appropriate adhesion plane between bowel wall and parietal 
peritoneum. Additionally, I would certainly agree that lysis of all small-bowel 
adhesions is not required because I believe that the bowel is locked in the open 
position by these chronic adhesions. Further dissection generally causes un- 
necessary blood oozing and lost time. Relative to the technique of anastomosis, 
I do not believe it makes any difference whether it is hand-sewn or stapled, as 
long as the chosen technique is meticulously performed. I have always thought 
that one of the commonest reasons for anastomotic failure in colon surgery 
revolves around a simple point of dissecting the fat from the bowel, including the 
mesenteric border as well as the appendices epiploicae so that the seromuscular 
layer involves indeed seromuscular tissue and not fat. I believe incorporation of 
fat in the anastomosis cannot be a good thing. Like most things in surgical tech- 
nique, it is the importance of meticulous attention to simple surgical technique. 
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including tissue handling, dissecting in appropriate planes, and avoidance of 
strangulation of tissues that contribute to optimal outcomes. 



Abdominal Wall Reconstruction in Complex Hernias 
Following Source Control 

Attention will now be turned to abdominal wall reconstruction in complex her- 
nias resulting from either prior severe abdominal sepsis as outlined by Dr. Rot- 
stein or in the management of the abdominal cavity that has been left open for 
either damage control and/or abdominal compartment syndrome. Our institu- 
tional approach has been to routinely use absorbable mesh following reexplora- 
tion in the overwhelming majority of these cases. If this is not performed, the fa- 
scia is often closed with undue tension resulting in strangulation of tissues 
leading to necrotizing fasciitis with severe sepsis and the patient ultimately ha- 
ving multiple fistulas through an open wound. Since turning to nearly routine use 
of absorbable mesh, we see almost no necrotizing fascial infections and enteric 
fistulas are far less common than was the case a decade or so ago. Application of 
this technique allows cinching up of the mesh either in the ICU or in the opera- 
ting room over the ensuing 3-7 days in those patients who are resolving their sy- 
stemic inflammatory response with diuresis and a decrease in bowel edema and 
intra-abdominal tension. Approximately half of our patients can be closed over 
the course of the first week by gradual cinching on a daily basis. However, the 
other half do not resolve their inflammatory response and/or septic state and 
their abdomens cannot be closed. In that circumstance, we routinely let the 
wound granulate and cover the wound with split-thickness skin graft. Occasion- 
ally, woven absorbable mesh will be totally absorbed but, in our hands, well over 
90% of the mesh is not absorbed but begins separating from the bowel at 2-3 weeks 
in those patients who are doing well; we remove the mesh at the time of split 
thickness skin grafting, which is quite easily done. I believe a skin graft improves 
the nutritional status by eliminating what I consider to be a catabolic drain for 
the patient. I believe it helps in improving the protein and fluid losses associated 
with any large wound not dissimilar to the important principle of covering third- 
degree burns. Equally important regarding the split thickness skin grafting, is 
that once the graft is placed, it essentially eliminates the risk of fistula formation. 
Furthermore, if a granulating wound is allowed to chronically granulate, it sub- 
stantially increases the rate of enterocutaneous fistula development. Therefore, 
we make every effort to get the wound grafted within 2-3 weeks. 

I would like to now return to the issue of reconstruction and what I alluded to 
as a biological timepiece for that reconstruction. For several months, the skin 
graft is densely adherent to the underlying intestines. However, at around 
6 months, when the patient is examined, one can pinch the skin graft away from 
the bowel and there are mainly loose, filmy adhesions at that time. So this 
approach demonstrates the important principle that Dr. Rotstein has alluded to 
of waiting 6 months before reconstruction. This is a very real and practical mea- 
sure. It is rare to find dense and vascular adhesions when the graft is soft, pliable, 
and can easily be pinched from the bowel. At the time of reoperation and recon- 
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struction, the skin graft is incised with a knife and using hemostat dissection, the 
graft is eventually opened in its mid-portion from top to bottom and the adhe- 
sions are dissected from the skin graft. These adhesions are generally quite filmy. 
The only part that is consistently more dense is at the musculofascial aponeuro- 
ses at the lateral aspect of the graft. It is routinely a more tedious dissection in 
that area. It generally takes approximately 45 minutes to remove the skin graft 
from the wound. Following removal of the graft, our approach to abdominal wall 
reconstruction has been use of a modified component separation technique. This 
technique was originally reported by Ramirez et al. [1]. We subsequently develo- 
ped a modification of that approach and have used it extensively in several hun- 
dred cases over the last decade [2]. It is a method of tissue advancement that 
eliminates the requirement for prosthetic mesh reconstruction in these moderate- 
to-large hernias. This is especially important in dealing with cases as depicted 
in the current article where an ostomy is in place. The component separation 
technique avoids the risk associated with bacterial contamination of a foreign 
body. I would refer the reader to the aforementioned references for a full de- 
scription of technique but will briefly describe it here. The skin and subcuta- 
neous fat are mobilized from the fascia as with any ventral hernia. Dissection 
usually occurs to the anterior axillary line bilaterally. The tissue advancement oc- 
curs by performing long relaxing incisions of the external oblique component of 
the anterior rectus fascia (divided approximately 0.5-1 cm lateral to the lateral 
rectus), extending from the costal margins of the approximately 9th through 12th 
ribs down to near the pubis. Performed bilaterally, this form of relaxation allows 
tissue advancement and will permit closure of some of these smaller defects. How- 
ever, in our experience, some of the defects will require more extensive tissue 
advancement and, therefore, we have modified the originally described procedure. 
This entails division of the internal oblique component of the anterior rectus 
sheath down to the arcuate line. It is important not to divide the internal oblique 
component below further because there is no posterior rectus fascia below that 
point on the abdominal wall. Following this division, there is marked mobiliza- 
tion bilaterally, allowing as much as 6-7 cm of mobilization of each side in the up- 
per abdomen and as much as 12 cm in the midabdomen. This allows for closure 
of nearly all of these defects. The reconstruction continues by mobilizing the rec- 
tus muscle free from the posterior rectus fascia from top to bottom. Final recon- 
struction entails suturing of the medial portion of the posterior rectus fascia to 
the lateral portion of the anterior rectus fascia (that which has been divided). 
Then we routinely use four closed suction drains in these wounds. This techni- 
que has provided good long-term results with only occasional small hernia re- 
currences. 
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Key Principles 

• Management of blunt and penetrating abdominal trauma depends upon early 
diagnosis of injuries, prompt control of active hemorrhage, and control of peri- 
toneal contamination. 

• An early assessment of the extent of anatomic injury, the degree of physiologic 
derangement, and the ability of the patient to tolerate a prolonged operative 
procedure are critical in the decision-making process. 

• Primary restoration of gastrointestinal continuity may be safely achieved for 
most injuries. 



General Approach 

Improvements in prehospital care in concert with aggressive resuscitation and 
management of hemorrhagic shock have reduced the early mortality associated 
with severe intra-abdominal injuries. Patients who in the past would not have sur- 
vived their initial insult now survive only to experience a prolonged ICU course 
complicated by intra-abdominal sepsis, multiple organ failure, and late mortality. 

Successful management of the trauma patient requires balancing the compe- 
ting priorities of prompt hemorrhage control with control of peritoneal conta- 
mination. In the absence of severe derangements in physiology, both hemostasis 
and source control with definitive reconstruction of the gastrointestinal tract 
may be performed at the time of initial laparotomy. However, in selected patients 
in whom the vicious cycle of coagulopathy, hypothermia, and acidosis threatens 
survival, definitive restoration of intestinal continuity may best be deferred to a 
subsequent operation. The operative strategy is therefore dependent on the loca- 
tion and extent of the injury, taking into consideration the physiologic status of 
the patient. 

The general principles of source control for peritoneal contamination fol- 
lowing trauma are no different than those that guide the management of non- 
traumatic perforations and include excluding, resecting, or closing the involved 
segment(s) of bowel. Thorough lavage of the peritoneal cavity to remove parti- 
culate debris and blood may lessen the risk of subsequent infection. Antimicro- 
bial therapy must be administered as soon as possible following injury. In cases 
without established peritonitis, prolonged antimicrobial therapy is unwarranted 
as there is no difference in the rate of intra-abdominal infections in patients 
receiving 24 h versus 5 days of antimicrobial coverage [1]. 
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Gastric and Small-Bowel Injury 

Gastric injuries are most common in patients suffering penetrating injury. In pa- 
tients with an anterior gastric injury, it is critical to evaluate the posterior gastric 
wall through the lesser sac to avoid missing a second injury. Additionally, inju- 
ries in the region of the gastroesophageal junction may be difficult to identify 
and typically require mobilization of the left triangular ligament. Most gastric 
injuries can be simply repaired in one or two layers. Lacerations in the region of 
the pylorus may be managed by incorporating a pyloroplasty in the repair. More 
extensive disruptions of the distal stomach and/or gastroduodenal junction may 
require resection with either a Billroth I or II reconstruction. 

The management of traumatic small bowel perforations depends on both the 
mechanism and extent of injury. In general, wounds that involve less than 50% of 
the circumference of the bowel wall can be repaired primarily using a single or 
two-layer closure. Wounds involving more of the bowel wall generally require 
resection and anastomosis. This approach may be altered to some extent by the 
mechanism of injury. For example, wounds without significant tissue injury (e.g., 
stab wounds) can be readily repaired even if greater than 50% of the circum- 
ference is involved, as long as luminal compromise is unlikely. By contrast, there 
is typically more tissue injury following blunt trauma or firearm injury. In these 
settings resection and anastomosis is preferred. Additionally, the presence of se- 
veral wounds in close proximity typically warrants a resection rather than repair. 



Duodenal Injury 

Duodenal injuries may be problematic because of the propensity for repairs to 
leak and their frequent coexistence with pancreatic and major vascular injuries. 
Any evidence of duodenal injury, including periduodenal hematoma, bile stai- 
ning, or crepitus of the retroperitoneum mandates a thorough exploration of the 
duodenum. The entire duodenum can be exposed with a combination of an ex- 
tensive Kocher maneuver and a Cattell-Braasch maneuver, or right medial vis- 
ceral rotation. Not infrequently, it is necessary to mobilize the ligament of Treitz 
to access the distal third and proximal fourth part of the duodenum to allow a re- 
liable assessment of the extent of injury. This extensive mobilization also limits 
tension on any subsequent duodenal repair. 

The type of repair is governed largely by the mechanism and extent of injury 
and the interval between wounding and repair [2, 3] (Table 1). Most duodenal in- 



Table 1. Classification scheme for duodenal injuries 





Mild 


Severe 


Mechanism 


Stab wound 


Gunshot wound or blunt 


Extent 


< 75% of duodenal wall 


> 75% of duodenal wall 


Site 


3rd, 4th part of duodenum 


1st, 2nd part of duodenum 


Interval to repair 


<24h 


>24h 


Associated injury 


No CBD or pancreatic injury 


Pancreatic or CBD injury 



CBD, common bile duct. 
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juries may be managed using relatively straightforward surgical techniques. Sim- 
ple injuries may be repaired primarily in two layers. These repairs are best but- 
tressed using an omental patch. More complex injuries require considerable 
judgment and experience, particularly in the relatively immobile second portion 
of the duodenum. Extensive lateral defects can be managed using a side-to-end 
Roux-Y duodenojejunostomy or, if the defect is more extensive, an end-to-end 
duodenojejunostomy with oversewing of the distal duodenal stump. These and 
other severe injuries mandate exclusion of the duodenum from the passage of gas- 
tric secretions to protect the duodenal suture line and allow the repair to heal. 
The most frequently employed technique, referred to as pyloric exclusion, calls 
for closure of the pylorus through a gastrotomy using an absorbable suture, along 
with creation of a gastrojejunostomy. Pyloric patency is reestablished once the 
sutures resorb, thus accomplishing a method of temporary diversion that allows 
for subsequent restoration of normal gastrointestinal physiology. Pancreatico- 
duodenectomy for source control is rarely required and should only be conside- 
red in cases where the ampulla is involved or in the face of unreconstructable in- 
juries to the duodenum and the head of the pancreas. 

Duodenal fistulae are not uncommon following duodenal repairs, particular- 
ly when the injury is complex. For this reason most surgeons routinely place closed- 
suction drains. Similarly, a feeding jejunostomy may simplify management in the 
later postoperative setting. 

In critically injured patients with multiple coexisting injuries or in the face of 
hypothermia, coagulopathy or acidosis, complex reconstructions should not be 
attempted at the initial laparotomy. In these settings, temporary source control 
by oversewing, stapling, or draining the injury may be lifesaving. Definitive re- 
pairs may then be accomplished over the next 24-72 h. 



Colonic Injuries 

Source control for colonic injuries has changed dramatically over the past 
decade, particularly for penetrating trauma. There is now clear evidence that 
primary repair without colostomy is the preferred course of management for 
patients with nondestructive intraperitoneal penetrating colon injuries [4]. In 
this subset of patients, the lower morbidity, low incidence of intra-abdominal 
septic complications and the lower cost, coupled with avoidance of the stigma 
of a colostomy have set a new standard of care for these injuries (Table 2). By 
contrast, the management of patients with destructive colonic injuries requiring 
resection is less clear. Many trauma surgeons elect to perform resection with 
primary anastomosis in very select clinical settings. Our practice is to limit this 
approach to patients who would require an ileocolonic anastomosis to restore 
continuity. Patients with injuries to the left of the middle colic vessels who 
would require a colocolonic anastomosis might be better served with a resec- 
tion and colostomy. 
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Table 2. Evidence-based guidelines for the management of penetrating 
injuries (from [4]) 


intraperitoneal colon 


Clinical setting 


Guidelines for method 
of source control 


Level of 

recommendation^ 


Nondestructive colon wound (< 50% 
circumference of colon without 
devascularization) and no peritonitis 


Primary repair 


Level 1 


Destructive colon wounds (> 50% 
circumference of colon or 
devascularization of a segment) if: 
No history of shock 
No significant underlying disease 
Minimal or no associated injuries 
No peritonitis 


Colon resection and 
primary anastomoses 


Level 2 


Destructive colon wounds with any 
of above factors present 


Colon resection 
and colostomy 


Level 2 



® Level 1 recommendations are based on prospective randomized trials. Level 2 recommenda- 
tions are based on a combination of prospective and retrospective data along with expert opi- 
nion. 



Rectal Injury 

Traditionally, rectal injuries have been treated with repair, proximal diversion, ir- 
rigation of the rectal stump, and in the case of extraperitoneal injuries, presacral 
drainage. Recently, all of these tenets have been challenged. Wounds of the intra- 
peritoneal rectum with little loss of the rectal wall may be managed with primary 
repair in a similar fashion to intraperitoneal colon injuries. More extensive inju- 
ries typically require rectal resection in the form of a Hartmann procedure. Ex- 
traperitoneal injuries typically require a diverting colostomy for source control. 
Direct repair of these injuries may not be possible and attempts should not be 
made to do so if extensive dissection is necessary. Routine adjunctive maneuvers 
to control ongoing contamination, including distal rectal washout and presacral 
drainage remain controversial and may be of value only in select circumstances 
(see “Controversies”) [5]. 



Source Control in the Context of Damage Control 

Over the past decade, the concept of abbreviated laparotomy for damage control 
has evolved. In patients who arrive in extremis, it is now recognized that prolon- 
ged attempts at achieving definitive management of major vascular, solid organ, 
or hollow viscus injuries may be detrimental and potentially lethal. In this criti- 
cally ill subset of patients, the goals of initial laparotomy should be limited to 
achieving hemostasis, controlling ongoing peritoneal contamination, and provi- 
ding a mechanism of temporary abdominal closure. Definitive management of 
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injuries may be attempted at staged, repeat laparotomies once the profound phy- 
siologic derangements have been corrected in the intensive care unit. There are 
no established criteria for the determination of the need to “bail-out” of the in- 
itial laparotomy, but suggested parameters include early significant blood loss, 
systolic blood pressure under 70 mmHg, arterial pH less than 7.25, core tempe- 
rature lower than 34°C and severe, multisystem injury [6, 7]. Regardless of the cri- 
teria used to determine the need to perform an abbreviated laparotomy, it is clear 
that the decision to terminate the laparotomy must be made early in order to 
optimize the chance for survival. 

In these patients, simply oversewing the bowel injury or ligating the bowel 
proximal and distal to the injury using an umbilical tape or stapling device [6, 8] 
should achieve initial control of peritoneal contamination. Resection may or may 
not be carried out at the initial laparotomy, depending on the anticipated time 
required for its completion and the physiologic status of the patient. Blind loops 
of bowel are generally not left more than 72 h before definitive diversion or re- 
storation of gastrointestinal continuity. While exteriorization of the intestine at 
the original laparotomy may appear to be a reasonable option, this approach 
should be avoided to allow for early termination of the laparotomy and to avoid 
retraction of the ostomy with increased abdominal wall edema. For biliary tract 
and pancreatic injuries, external tube drainage may be performed. Reconstruc- 
tion should not be attempted until the patient has undergone resuscitation in the 
intensive care unit and all metabolic derangements have reversed. 



Controversies 

Scheduled Relaparotomy in Circumstances Other Than Damage Control 

There is a subset of patients with massive peritoneal contamination following 
multiple gunshot wounds or close-range abdominal shotgun wounds in whom 
the probability of a missed hollow viscus injury or subsequent intra-abdominal 
infection is significant. In these circumstances there may be some merit in per- 
forming a planned relaparotomy at 48-72 h following injury. In addition to pro- 
viding a second opportunity to evaluate for missed injuries and to remove any 
particulate debris and/or hematoma, this second-look laparotomy allows the 
surgeon to limit the development of loculated fluid collections and deal with ear- 
ly abscess formation. The advantages of this approach have never been evaluated 
in a prospective fashion and probably will never be assessed formally because of 
the rare circumstances in which it may offer benefit. However, many feel the mor- 
bidity of early relaparotomy is low and the potential for benefit is great. 



Stapled Versus Hand-Sewn Anastomoses 

In elective general surgery, there appears to be no difference in the risk of ana- 
stomotic dehiscence or abscess formation in patients undergoing stapled vs 
hand-sewn anastomoses. Whether these two techniques are similar in the trau- 
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ma patient is unclear. The extensive visceral edema seen at laparotomy in trau- 
ma patients may increase the risk of anastomotic failure in patients undergoing 
stapled anastomoses as the staples and the stapling techniques were designed for 
relatively normal bowel. One retrospective cohort study in which the risk of ana- 
stomotic complications was compared in patients undergoing stapled vs hand- 
sewn anastomoses suggested a greater risk of postoperative intra-abdominal 
septic complications in the former group [9]. However, this analysis did not dif- 
ferentiate between small and large bowel injuries, nor did it control for the sur- 
geon or the specific technique utilized for hand-sewn anastomoses. A subsequent 
retrospective analysis limited to small bowel injuries demonstrated no differen- 
ce in outcome in either cohort of patients [10]. Similar to the first report, this ana- 
lysis did not control for potential confounders that may place a patient at risk for 
subsequent infection. Specifically, hollow viscus injuries tend to be repaired 
using a hand-sewn technique when there are few associated injuries and the ele- 
ment of time is not critical. Obviously, these patients are at particularly low risk 
for anastomotic failure, thus biasing any retrospective analysis. 



Distal Rectal Irrigation and Presacral Drainage 
Following Penetrating Rectal Injury 

There are four main management considerations following rectal injuries, inclu- 
ding: 

a) Fecal diversion 

b) Repair of the rectal injury when possible 

c) Presacral drainage 

d) Distal rectal irrigation 

Although there is no consensus on the routine application of any of these adjunc- 
tive procedures, presacral drainage and distal rectal irrigation remain the most 
controversial. Enthusiasm for routine presacral drainage and rectal irrigation 
originated from the morbidity associated with high-velocity missile injuries du- 
ring military conflict. The lower velocity injuries and consequent lesser degrees 
of tissue injury associated with civilian trauma have led to a reevaluation of this 
dogma. 

The principal underlying distal rectal washout is that by reducing the fecal 
(and thus bacterial) load in the rectal stump, the incidence of infectious compli- 
cations would be reduced. One potential disadvantage to this approach is that 
forced irrigation of luminal contents into the perirectal tissues may increase the 
risk of pelvic sepsis. There are no prospective data evaluating the merits of rou- 
tine distal rectal washout for penetrating rectal injuries. In recent retrospective 
studies limited by small sample size, there appears to be no significant benefit to 
routine irrigation [11]. As a result, many trauma surgeons have abandoned this 
practice [12]. 

The value of routine presacral drainage for extraperitoneal rectal injuries re- 
mains even more controversial. A single, small (48 patients) prospective rando- 
mized study evaluating presacral drainage demonstrated no difference in the rate 
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of infectious complications in patients undergoing presacral drainage [13]. How- 
ever, others suggest that presacral drainage may offer benefit in select clinical cir- 
cumstances, including patients with high velocity missile injuries, significant 
rectal wall loss (or situations where repair cannot be accomplished), and asso- 
ciated genitourinary injuries [5]. 



Critical Factors and Decision Making 



Although it is quite straightforward to present an algorithm for the management 
of source control based on purely anatomic criteria, it is now clear that the intra- 



Duodenal injury 



Complex injury 
(GSW or blunt injury, 
> 24 hrs,>75% of cir- 
cumference or 
coexistant biliary / 
pancreatic injury) 




Repair & drain 




Repair, exclude 
& drain 



Small bowel 
injury 



> 50% circumference 
— ► Blunt injury or GWS with 
significant tissue injury 




Repair if no 

luminal 

compromise 




Resection & 
anastomosis 



Colonic injury 



Non-destructive injury, 
f no peritonitis 



Primary repair* 



Destructive injury 




Resection & 
anastomosis 



shock, peritonitis, 
significant 
associated injury or 
comorbidity 

Resection & 
colostomy 



Rectal injury 



Intraperitoneal 



Extraperitoneal 



Significant ^ 
loss of rectal 
wall V 



Yes 



Primary repair* 



Hartmann 

procedure 



Defunction, presacral drainage (?) 
-I-/- repair if possible 



Diagram 1. Methods and consideration for source control in the trauma patient. An assessment 
of the physiologic status of the patient is critical to intraoperative decision making (see “Critical 
Factors and Decision Making”), colostomy is preferred in the face of peritonitis 
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operative decision-making and the sequelae of these decisions are based on fac- 
tors other than the anatomic pattern of injury (Diagram i). For example, it is evi- 
dent that for patients with the same degree of anatomic injury, one may be at 
greater risk of suture-line dehiscence and subsequent intra-abdominal infection 
if there is greater physiologic derangement at the time of repair. It is also clear 
that early source control is of secondary importance to hemorrhage control. There 
is no point in completing a definitive repair of a duodenal injury in a patient 
succumbing from acidosis and hypothermia following repair of a complex caval 
injury. There are always solutions available for early source control in this con- 
text and these should be applied liberally to maximize early survival. 
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Invited Commentary 

Eric R. Frykberg 



Source control in trauma is a very important issue, because infection remains a 
major cause of postinjury morbidity and mortality [1]. All of the issues discus- 
sed in this chapter are appropriate considerations in controlling infection in this 
setting. Several deserve emphasis and further clarification, and other issues me- 
rit mention. 



Damage Control 

As asserted by Dr. Kao and Dr. Nathens, prompt control of hemorrhage and 
wound contamination remains the most basic and important factor in source 
control following trauma. This must be accomplished by rapid diagnosis of 
injury so as to remove contamination before infection becomes established. 
Minimizing surgery in severely injured patients through damage control is critical. 
This is true not only in the abdomen, but in any open wound of the body, especially 
those associated with fractures and open body cavities, (i.e., extremity fractures, 
open skull wounds with dural penetration, open chest wounds). 



Source Control and "Toilet" 

Spillage of enteric contents into the abdomen should be controlled immediately 
by clamping proximal and distal to bowel injuries, especially in the colon. Prompt 
resection of devitalized tissue also reduces bacterial contamination, thus redu- 
cing the risk of intra-abdominal infections. Many advocate large-volume perito- 
neal irrigation as a means of reducing the bacterial load. However, this strategy 
is not supported by any degree of evidence. In fact, there is reason to suspect that 
excessive irrigation, beyond that necessary to facilitate removal of gross debris, 
may actually be harmful, by impairing the host defenses of the peritoneum. 
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Avoid Immunosuppression 

The control of hemorrhage is important not only as a life-saving maneuver, but 
also because of the immunosuppressive effects of hemorrhage, transfusions, 
and shock, all of which directly increase the risk of infection. Splenectomy 
exacerbates this risk, suggesting that splenic salvage also may be an important 
method of source control [2, 3]. Antibiotics alone cannot reduce this immuno- 
suppressive risk to any significant degree. However, immune enhancers, such as 
granulocyte colony stimulating factor and interferon gamma, have shown 
experimental promise and may contribute to source control in clinical settings 
in the near future. 



Foreign Bodies 

It is important to find and remove foreign bodies and exogenous debris from all 
wounds, as they serve as a potent nidus of infection. Examples include dirt, bits 
of clothing tracked in by a bullet, and shotgun shell wadding. Studies have 
shown that bullets which have traversed an obviously contaminated area, such 
as the unprepped colon, significantly increase the risk of an abscess if not re- 
moved [5]. 



Drains 

Drains have been used extensively in past years with the belief that they reduce 
infection by evacuating fluid collections. However, recent data show that drains 
generally at best make no difference, and may actually increase infection risk. 
There are select indications for the use of drains, but they should be used spa- 
ringly and should only be of the closed-suction type [6]. 



Colostomy for Pelvic-Perineal Injury? 

Another controversial issue is the use of routine fecal diversion for open pelvic 
fractures. The need for diverting colostomy for severe extraperitoneal rectal in- 
juries is not disputed. Several small retrospective studies in the past indicated 
that routine colostomy is necessary as well in open pelvic fractures even in the 
absence of rectal injury. However, more recent data indicate this is not true [7]. 
As long as these open wounds are accessible for aggressive debridement and 
cleansing, routine fecal diversion does not appear necessary. This allows avoid- 
ance of an otherwise unnecessary open operation on the abdomen, which may 
actually extend contamination and increase the risk of infection. 
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Antibiotics 

The role and dosing of prophylactic antibiotics is plagued by misperceptions and 
wide variations in practice. The data are clear that only a short course of anti- 
biotics, of less than 24 h, is necessary for maximal infection prophylaxis in ab- 
dominal trauma, as well as in open fractures [8, 9]. This is true regardless of the 
degree of contamination, as long as contamination has not been present for 
more than 12 h (after which time it is generally agreed that infection should be 
assumed and a therapeutic rather than a prophylactic regimen of antibiotics 
should be initiated). In fact, there is little credible evidence that antibiotics have 
any role at all in preventing intra-abdominal infection, as most efficacy has been 
shown only for wound infection [9]. Antibiotics cannot substitute for proper 
wound management by the surgeon. Attention should be paid to proper antibio- 
tic dosing in trauma patients. A single perioperative dose may not suffice in cases 
of severe hemorrhage or shock, as blood levels may wash out more quickly 
than normal and bio availability is altered. Increased doses and frequency of anti- 
biotics should be considered in this setting [9]. 

We must realize that there is no magic potion for source control following 
trauma. Antibiotics, drains, massive irrigation, and colostomy all play limited 
and secondary roles. 
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Editorial Comment 

The commandments of source control in trauma are elegantly articulated here 

by Drs. Kao and Nathens and commentator Frykberg: 

• Achieve hemostasis before source control. 

• Do the minimum in the unstable patient and come back later. 

• Avoid fancy reconstructions. 

• Ostomies are rarely indicated but should be performed when indicated. 

• Drains are usually useless foreign bodies. 

• Intestinal injury represents contamination rather than infection: a course of 
antibiotics longer than 24 h is seldom indicated. 

• Avoid missed injuries: the number of holes in the GI tract must be paired, be- 
cause an unpaired number raises the probability of a missed injury. Although 
it is possible to have a “tangential” penetration or to have the missile lodge in- 
side the bowel, this is less common then a missed injury. The trajectory of the 
wounding missile (e.g., sequence of injured organs) should make sense. One 
must be able to construct a logical mental picture of the bullet trajectory; if the 
trajectory is noncontinuous or nonlinear a missed injury must be suspected. 
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Key Principles 

• Important risk factors for the development of burn wound infection include 
patient age, comorbidities, and extent of the burn. 

• Burn wound sepsis is prevented through use of topical antimicrobials, early 
excision of the burn eschar and barrier isolation precautions. 

• Differentiation between wound colonization and invasive infection can be 
made by biopsy of the burn wound. 

• Treatment of burn wound infection entails use of subeschar clysis and excision 
of the burn wound. 

• Nosocomial infections in burn patients include pneumonia, urinary tract infec- 
tions, and suppurative thrombophlebitis. 



Management of the burn wound poses a unique challenge for the surgeon. The 
skin serves an important function as a mechanical barrier to microbial invasion. 
Disruption by burn injury results in loss of this barrier function. The burn 
eschar, which consists predominantly of coagulated proteins, does not provide 
sufficient barrier to microbial colonization, invasion and infection. Rather it may 
serve as a medium for bacterial growth [i]. The local release of inflammatory 
mediators coupled with protein accumulation in the burn wound, local tissue 
hypoxia, and ischemia all contribute to the propensity for the development of 
local infection. As a consequence of the effects of local mediator release, burn 
wound infection was a common occurrence as recently as the 1960’s and was 
associated with significant morbidity and mortality. 

While burn wound specific factors increase the risk of an infection in the ther- 
mally injured patient, defects in systemic immunity also play a role in lowering 
resistance to infection. The alterations in host immunity include altered cell me- 
diated immunity as well as decreased responsiveness of circulating neutrophils 
[2, 3]. The changes in the burn wound coupled with systemic immunosuppression 
predispose the burn patient to infection-related complications. Understanding 
the factors that lead to burn wound infection and taking appropriate steps to 
prevent it are critical to the successful management of these patients. 



Risk Factors for Burn Wound Infection 

Patient age is an important factor in the development of burn wound infection. 
Invasive infection occurs most commonly in children and the elderly; it occurs 
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least commonly in young adults. The propensity to develop burn wound infec- 
tion at the extremes of age is related to patient comorbidities, depth of burn in- 
jury, and the likelihood of more severe systemic immunosuppression [4]. Burn 
wound depth tends to be greater at the extremes of age as a consequence of skin 
thickness: skin is thinnest in children, and becomes progressively thicker until 
approximately the fourth decade of life. While partial thickness burn wounds 
rarely develop invasive infection, the likelihood of invasive infection increases as 
burn wound depth increases. One of the most important risk factors in the deve- 
lopment of burn wound infection is the extent of burn. Simply stated, larger 
burns are more likely to develop invasive infection. Factors responsible for this 
include delayed closure of large burns due to the unavailability of autograft skin, 
increased immunosuppression, and the increased likelihood that mechanical 
ventilatory support is required [5-7]. In addition, delay in burn wound excision 
results in an increased likelihood of colonization of the burn wound by resistant 
organisms and opportunistic pathogens. The development of biologic dressings 
and the increased use of allograft allows for early excision of the burn wound and 
protection of the excised area. 



Prevention of Burn Wound Sepsis 

The three most critical advances leading to a decrease in the incidence of burn 
wound infection are improved local wound care, the employment of rigid infec- 
tion control policies, and the early surgical removal of the burned tissue. Topical 
application of antimicrobials has helped to reduce the incidence of burn wound 
sepsis by reducing burn wound microbial colonization. Prior to the development 
of adequate topical therapy, systemic sepsis was a cause of death in approxima- 
tely 60% of burn patients who succumbed to their injury [8]. The development 
and liberal use of topical agents such as mafenide acetate, 0.5% silver nitrate, and 
silver sulfadiazine resulted in a significant reduction of burn wound sepsis as a 
cause of death in thermally injured patients. In addition, early surgical excision 
and closure of the burn wound further reduced the incidence of burn wound in- 
fection and subsequent mortality so that in the year 2000, burn wound sepsis was 
responsible for only 6% of deaths from thermal injury [9]. 

The development of strict infection control policies centered around burn pa- 
tient isolation resulted in delayed colonization of the burn wound and represents 
another important factor in the declining incidence of burn wound infection. 
Exposure to exogenous bacteria and prevention of cross-contamination of burn 
wounds with virulent bacteria is easily accomplished by enforcement of hand 
washing and barrier precautions. The use of isolation techniques has contributed 
to a decrease in the incidence of Gram-negative bacteremia from 31% to 12% and 
to an associated reduction in mortality [10]. Such techniques obviously will not 
prevent colonization by endogenous flora. Although the use of individual isolation 
rooms for severely burned patients is now common, shared areas such as burn 
showers and treatment rooms require thorough cleansing between patient use. 

The flora which colonizes the burn wound, follows a fairly predictable pattern. 
Early in the postinjury period, the flora of the wound consists predominantly of 
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Gram-positive organisms. These organisms typically originate from the ther- 
mally injured skin or from hair follicles or sweat glands from the adjacent unin- 
volved skin. Staphylococcus is the most common Gram-positive organism reco- 
vered from burn wounds in this period and is typically sensitive to methicillin. 
By the end of the first postburn week, Gram-negative organisms are more com- 
monly recovered from the wound. Gram-negative organisms have unique pro- 
perties that contribute to their increased virulence compared to Gram-positive 
organisms. These include the elaboration of exotoxins and extracellular polysac- 
charides, the elaboration of endotoxin, and organism motility. Pseudomonas, a 
typical Gram-negative organism causing burn wound infection, is the offending 
organism in up to 25% of burn wound infections [11]. The incidence of invasive 
bacterial wound infections has dropped to less than 4% and occurs less fre- 
quently than invasive fungal wound infections [12]. While Candida albicans is the 
most common nonbacterial organism recovered from burn wounds, it has little 
invasive potential and is not a common cause of burn wound infection [13]. True 
fungi such as Aspergillus are more likely to be responsible for invasive burn 
wound infection. In some series, invasive infections caused by these fungi are re- 
sponsible for mortality rates up to 74%, likely related to extensive burn size; they 
are found in 47% of patients with associated inhalation injury [12]. 



Differentiation Between Wound Colonization 
and Invasive Infection 

Burn wound infection may be classified into three categories: cellulitis, impetigo, 
and invasive infection. Pain, tenderness, and erythema characterize cellulitis, 
which may be the result of burn wound infection or simply of the release of in- 
flammatory cytokines within the wound. Progressive erythema with associated 
lymphangitis should prompt treatment with antibiotics directed at Gram-positive 
organisms. Impetigo is an infection that occurs in a re-epithelialized surface such 
as the previously grafted burn wound, a healed donor site, or a partial thickness 
burn wound which has healed primarily. It typically begins as a small ulceration 
or a superficial abscess and is not usually associated with systemic signs of 
infection such as fever and leukocytosis. Gram-positive organisms such as 
Staphylococcus are the common causative bacteria and treatment consists of 
local wound care and topical antimicrobial application. Invasive burn wound 
infection must be differentiated from burn wound colonization. The presence of 
bacteria within the burn wound is not indicative of burn invasive infection. In- 
vasive infection is defined as bacteria within viable tissue beneath the burn 
wound eschar. Typical clinical changes signifying potential burn wound infection 
include burn wound appearance changes outlined in Table 1. Since these changes 
can occur very rapidly, twice-daily assessment of the burn wound by the burn 
team is essential. Although the diagnosis of burn wound infection is more likely 
when the bacterial density exceeds lo^ colony-forming units, quantitative cultures 
of the burn wound do not always correlate with histologic findings of a burn 
wound biopsy [14]. Although surface cultures of the burn wound may aid in the 
selection of systemic antibiotics, they are not useful in making the diagnosis of 
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Table 1. Local signs of invasive burn wound infection 

Dark brown, black, or purple discoloration of the wound 
Conversion of partial thickness injury to full thickness necrosis 
Subcutaneous tissue with hemorrhagic discoloration 
Edema and dark discoloration of unburned skin at wound margin 
Rapid sloughing/separation of the eschar 
Pyocyanotic appearance of subeschar tissue 

Black or purple discoloration in unburned tissue (ecthyma gangrenosum) 



invasive burn wound infection. The most reliable mechanism to diagnose inva- 
sive burn wound infection is a biopsy of the wound with subsequent histologic 
evaluation. The definitive histologic findings of an invasive burn wound infection 
include the presence of bacteria or fungi at the interface between viable and non- 
viable tissue or within the viable tissue beneath the burn wound eschar. Other 
characteristics include small vessel thrombosis, marked inflammatory changes, 
and ischemic necrosis of unburned tissue. A negative burn wound biopsy in a pa- 
tient with systemic signs of sepsis should lead to prompt evaluation for other 
sources of infection. Although false-negative biopsies are rare, reasons for failure 
include sampling from an area that is not infected, improper preparation of the 
tissue, or misinterpretation of the histologic findings. Strong clinical suspicion in 
the face of a negative histologic evaluation should prompt repeat biopsy. 



Treatment of Burn Wound Infection 

When invasive burn wound infection is diagnosed, systemic antibiotics should 
be started immediately. Broad-spectrum antibiotics that provide suitable cover- 
age against Gram-negative organisms to include Pseudomonas should be initia- 
ted. Antibiotic choice can be tailored based on culture results but one should not 
wait for culture results to initiate treatment. 

Surgical excision of the infected wound is the mainstay of therapy and should 
follow subeschar antibiotic clysis of the infected burn tissue [15]. Suitable anti- 
biotics for clysis include semisynthetic penicillins that have broad Gram-negative 
activity. After debridement of the infected tissue, topical wound care with either 
0.5% silver nitrate or 5% mafenide acetate soaks should be performed and the 
patient returned to the operating room at 24-48 h for further debridement. When 
all infected tissue has been removed, the patient’s excised area should be covered 
with either a biologic dressing or a skin graft. 



Nosocomial Infections in Burn Patients 

Despite a significant decrease in mortality from burn wound sepsis, infection- 
related complications remain the most common cause of morbidity and mortality 
in thermally injured patients. Pneumonia has replaced burn wound infection as 
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Diagram i. Algorithm for treatment of burn wounds 



the most frequently diagnosed infection following thermal injury. Prior to the 
development of adequate topical chemotherapy, the broad use of burn wound ex- 
cision and the initiation of strict infection-control policies, pneumonia typically 
resulted from hematogenous spread of infection from the burn wound. Today, 
hematogenous pneumonia is uncommon and most affected patients develop 
bronchopneumonia from airborne bacteria [i6]. With this shift from hematoge- 






The Burn Wound 



329 



nous to bronchopneumonia, the causative organisms have also changed. Gram- 
positive organisms such as Staphylococcus have replaced Gram-negative orga- 
nisms such as Pseudomonas as the most commonly isolated bacteria from the 
airway of burn patients with pneumonia. Age, burn size, and the presence of in- 
halation injury are the most common predisposing factors for the development 
of pneumonia [17]. Clinical suspicion of respiratory infection should lead the cli- 
nician to obtain a chest X-ray and a sputum sample for Gram stain and culture. 
The presence of white cells in the sputum in combination with a predominant 
single organism, in a clinical setting which includes bronchorrhea, fever, and an 
elevated white blood cell count, and an infiltrate on the chest roentgenogram 
should lead to the initiation of empiric antibiotics that cover the predominant or- 
ganisms found in the burn unit. Suppurative thrombophlebitis has become an 
uncommon infection in burn patients as control of burn wound colonization has 
occurred. In addition, a policy mandating frequent catheter changes has resulted 
in a decrease in the incidence of suppurative thrombophlebitis from 6.9% in 1970 
to less than 1% in burn patients in 1990 [16]. Urinary tract infections occur fre- 
quently in these patients because of a need for long-term indwelling catheter use. 
Patients with obvious clinical signs of infection should have urine cultures ob- 
tained and treatment tailored appropriately. 

The decrease of burn wound infection as a cause of morbidity and mortality 
in thermally injured patients is a true success story in infection source control. 
The factors responsible for the decreased incidence of burn wound infection in- 
clude a delay in burn wound colonization following the use of topical antimicro- 
bial agents, the initiation and strict adherence to infection control techniques, 
and most importantly, the use of surgical excision to promptly remove the burn 
wound. 
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Invited Commentary 

Basil A. Pruitt Jr. 



The authors have provided a concise review of the current management of burn 
wound infections with special emphasis on the interaction between microorga- 
nisms and the patient. They have properly highlighted the central importance of 
prompt excision and closure of the burn wound to limit the duration of risk for 
development of invasive infections. A few points deserve expansion and emphasis. 

Effective topical antimicrobial chemotherapy not only decreased the incidence 
of invasive burn wound sepsis, but also reduced the bacterial density of the burn 
wound to such an extent that wound manipulation-related bacteremia is un- 
common in patients with burns of less than 40% of the body surface. Even in those 
patients with extensive burns, wound manipulation seldom evokes bacteremia 
before the loth postburn day, which provides an expanded window of opportunity 
for burn wound excision unassociated with bacteremia. 

The authors note that the histologic examination of a burn wound biopsy is 
the most accurate means of differentiating burn wound colonization from inva- 
sive burn wound infection and call attention to the unreliability of even quanti- 
tative cultures in making that differentiation. However, quantitative cultures yiel- 
ding low bacterial counts, i.e., lo"^ or fewer organisms per gram of tissue, are 
consistent with the absence of invasive burn wound infection. If the histologic ex- 
amination of successive wound biopsies reveals a progressive increase in bacte- 
rial density within the eschar and proliferation of organisms at the viable/non- 
viable tissue interface without evidence of invasive infection, the topical agent 
being used should be changed to mafenide acetate, which can penetrate the es- 
char and limit bacterial proliferation. Additionally, following excision of an in- 
fected burn wound, other areas of unexcised burn wounds should be treated with 
mafenide acetate burn cream to limit intraeschar bacterial proliferation. In the 
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case of intraeschar fungal proliferation, clotrimazole cream should be applied 
twice daily as topical therapy. 

The authors identify Asper^///ws sp. as the most common cause of invasive fun- 
gal burn wound infection, but those organisms are slow to traverse fascial planes. 
The PhycomyceteSy however, are aggressive invaders, which rapidly traverse fas- 
cial planes and readily invade the microvasculature of the affected tissue to cause 
thrombosis and necrosis. Acidosis predisposes burn patients to the development 
of phycomycotic infections and the rapid centrifugal extension of ischemic 
necrosis in the burn wound of an acidotic patient mandates immediate biopsy. 
Confirmation of phycomycotic invasion necessitates prompt institution of am- 
photericin B therapy, and a “wide-margin” excision of the infected tissue, which 
may require whole limb amputation if muscle compartments are involved. 

A particular strength of the chapter is the algorithm developed by the authors, 
which serves as a road map for the diagnosis and treatment of burn wound in- 
fections. The current prevalence of nonbacterial invasive burn wound infections 
speaks for adding a recommendation for systemic administration of an antifun- 
gal agent prior to excision of such an infection. Additionally, systemic antibiotic 
or antifungal therapy should be continued following excision until one is certain 
that all infected tissue has been excised. 

The authors cite the usefulness of the burn center microbial surveillance pro- 
gram in the selection of initial empiric antibiotic therapy for infections in burn 
patients. It should be noted, however, that the surveillance program also permits 
one to assess the effectiveness of infection control procedures, the emergence of 
resistant organisms, and temporal changes in the prevalence of infecting orga- 
nisms. The authors report a prevalence of Gram-positive organisms as the cau- 
sative agents of airborne pneumonia, but surveillance data in the past 2 years are 
consistent with a recrudescence of Gram-negative organisms as the cause of pul- 
monary infections. Although hematogenous pneumonia has been superseded by 
airborne pneumonia as the prevalent form of pneumonia, hematogenous pneu- 
monia can still arise from an intravenous infection and infected burn wounds. 
The sudden appearance of the solitary rounded pulmonary infiltrate pathogno- 
monic of hematogenous pneumonia should prompt a meticulous search for an 
area of burn wound infection or a focus of suppurative thrombophlebitis in pre- 
viously cannulated veins. 

The authors properly emphasize that infection remains the most common 
cause of death in extensively burned patients even though invasive burn wound 
sepsis has been “controlled” by current techniques of burn wound care. The fre- 
quency of life-threatening infections justifies a program of scheduled microbial 
surveillance for each burn center as well as a program of infection surveillance 
for each burn patient. Such programs facilitate identification of infections in 
their earliest stages and optimize initial therapy to achieve prompt control of the 
infections and thereby minimize infection-related morbidity and mortality. 




34 Organ Transplant Patients 

Tim Pruett 



Key Principles 

• Transplant recipients frequently have surgical infections, requiring prompt con- 
trol of the graft/host interface. The decision to invoke an operative, interventio- 
nal radiological or endoscopic approach is dependent upon patient factors. 
Control of the source of the infection is key to successful resolution. 

• Superinfection or concomitant systemic viral or fungal infection is common. 

• The patient's underlying comorbid diseases and nutrition are significant deter- 
minants of the successful management of surgical Infection. 

• Removal of the allograft and the cessation of immunosuppressive agents is 
rarely required, but remains an option which needs to be contemplated. 



General Approach 

Infections in organ transplant recipients are typically thought to be an amalgam 
of problems caused by uncommon viral, fungal, or poorly classified infectious 
agents. Although this patient population does have a disproportionate number of 
exotic infectious agents, the transplant recipient population has its share of typi- 
cal surgical infections. 

Each of the commonly transplanted organs has a peculiar predilection for in- 
fection. It will be the purpose of this review to summarize the clinical presenta- 
tion and the options for therapy. As with most surgical infections, the key to 
management is decompression and control of the site proximal to the problem. 
A common theme in the etiology of many, but not all, posttransplant infections 
is that the source of the infection is often technical or ischemic in origin. Success- 
ful management therefore includes not only the control of the infected fluid, but 
also control of the leak (urine, bile, exocrine pancreas or air). In addition, if pos- 
sible, management should be consistent with a long-term functioning allograft. 
As with most types of surgical infections, the use of appropriate antimicrobial 
therapy is desirable but rarely sufficient to treat the complication. Widespread 
use of broad spectrum antibacterial agents, in combination with steroids, the 
concomitant presence of diabetes, significant malnutrition, and the common use 
of invasive lines in this patient population predispose the transplant patient to 
fungal or yeast infections. 

Significant decreases in immunosuppressive agents are typically not neces- 
sary. The development of clinical rejection can be problematic, however. Admi- 
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nistration of bolus doses of steroids or antilymphocyte antibodies should be 
avoided in the face of serious infection. As the majority of the immunosuppres- 
sive agents do not significantly affect the innate immune system, significant 
adjustment of drugs is not felt to be necessary; however, leukopenia will necessi- 
tate modifications. 



Clinical Signs and Symptoms 

Although it is commonly taught that immunosuppression will mask deep infec- 
tion, the transplant recipient with deep space infections typically presents with 
complaints of pain, nausea, fever, and wound drainage [i]. Leukocytosis is com- 
mon. The typical transplant recipient has many comorbid diseases and is recei- 
ving numerous medications, all of which can confuse the diagnosis. Abdominal 
pain can be a consequence of mycophenolate mofetil ingestion, cytomegalovirus 
infection, or constipation associated with diabetic enteropathy after kidney or 
pancreas transplantation. It is important to gain an accurate, prompt diagnosis. 
Combinations of blood testing and imaging techniques can quickly identify the 
majority of deep infections in the transplant population. Radiographic sampling 
of fluid collections has become routine, with samples being assayed for the pro- 
ducts of the transplanted organ (creatinine, bilirubin, amylase) as well as for cell 
count and culture for pathogens. Abnormally elevated levels of products from the 
allograft in intra-abdominal fluid collections demands a more precise evaluation 
regarding the source of the disruption. 



Kidney Transplantation 

Deep space infections directly related to the transplanted kidney are rare. The 
two most common causes of deep space fluid collections are lymphoceles and ur- 
eteral leaks. Infection of the former is uncommon in the absence of persistent or 
repetitive instrumentation. Lymphoceles usually are not clinically evident during 
the first 2 postoperative weeks. Definitive treatment of an uninfected lymphocele 
is intraperitoneal drainage [2], but when the lymphocele is infected, an extra- 
serous catheter drainage system should be employed to evacuate the cavity: the 
inflammatory response to infection is effective in closing the lymphatic leak. 
Urine leaks from ureteral disruptions are especially problematic. The optimal 
approach is not the same for each patient. Operative intervention often yields the 
best long-term functional outcome, but for some patients, the price of wound 
complications, nutritional insult, and risk of death outweighs the potential bene- 
fits of operative control [3, 4]. In many instances, placement of a percutaneous 
nephrostomy across the anastomosis into the bladder provides effective control 
of the leak. Extraserous drainage of a urinoma is commonly necessary for reso- 
lution of the deep space infection. Late correction of strictures through opera- 
tive, interventional radiographic or endourologic techniques all have their pro- 
ponents. 
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Liver Transplantation 

Intra-abdominal infections are relatively common after liver transplantation [5]. 
Sources for infection include biliary leaks or strictures, and gastrointestinal dis- 
ruption from leakage of an intestinal anastomosis (Roux-en-Y) or damage to the 
bowel in the removal of the native liver. Occasionally bowel contamination at the 
time of operation or hematogenous spread of microorganisms to intraperitoneal 
fluid collections give rise to infection and result in an abscess without an obvious 
ongoing source. In the more common event of an ongoing source for postoperative 
infection, prompt identification and control of the contaminating focus is essential 
for successful resolution. Delayed diagnosis is associated with an increased likeli- 
hood of multiorgan dysfunction in a patient population with reduced physiologic 
reserve. Candida infections are common in the liver transplant population and 
the use of antifungal agents in reoperative or urgent transplant patients is a routine 
practice [6]. 

Intestinal sources typically require operative control in the form of suture clo- 
sure, exteriorization, serosal patch, or rarely, in the severely adhesed abdomen, 
tube drainage. Biliary leakage is amenable to nonoperative control by either 
endoscopic retrograde cholangiopancreatography (ERCP) biliary stent placement 
or transhepatic biliary catheter placement [7-9]. It is often necessary to drain 
infected collections of fluid contiguous to the leak. Long-term management of 
biliary leaks or strictures is often a coordinated effort involving endoscopic or 
interventional radiographic stent placement and surgical control [10]. 



Pancreas Transplantation 

Perioperative surgical site infection has been a significant problem for the pan- 
creas recipient [11]. The pancreas has a proclivity for infection [12] from the asso- 
ciated duodenal stump closure, the duodenal anastomoses to the bladder or bo- 
wel, or from persistent graft pancreatitis and infection of the surrounding fat 
necrosis. Enteric drainage of the pancreas has received a renewed interest. In con- 
trast to early experience that suggested a high likelihood of infection, it now ap- 
pears that intra-abdominal infection and duodenal leaks are less frequent than 
with bladder drainage [13] Closure of the duodenal leaks either by direct suture or 
with a serosal patch, in combination with distal decompression, will usually con- 
trol the leak and preserve function of the graft. Bacterial or fungal infection in as- 
sociation with significant early graft pancreatitis usually requires removal of the 
allograft in order to save the patient. Delaying graft pancreatectomy in the setting 
of suppurative peritonitis and pancreatitis is usually fatal for the patient [14]. 



Thoracic Transplantation 

Sternal wound infection is a significant cause of morbidity for the heart trans- 
plant recipient. Infection is typically the consequence of contamination at the 
time of the procedure, in association with an underlying perfusion abnormality. 
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Prompt recognition, debridement, and the use of vascularized muscle flaps has 
reduced the associated mortality. In the early days of pulmonary transplantation, 
bronchial disruption with associated bronchopleural fistula was common. Sur- 
gical techniques have improved and its occurrence is now infrequent [15]. 
Management includes split bronchial ventilation, stenting, muscle flaps, and 
drainage. 

Control of transplant infections is a race against time. The longer the compli- 
cation exists, the greater the morbidity for the patient and the higher the risk of 
death. Because many transplant-associated infections arise at the operative site, 
persistence of infection can jeopardize the vascular anastomoses. Hemorrhage 
from anastomotic disruption or thrombosis of the graft may be the consequence 
of protracted infection and infection of vascular anastomoses [16, 17]. Evacuation 
of infected material and prevention of its reaccumulation by control of the source 
is crucial for successful resolution. Both contamination at the time of surgery and 
superinfection with either nosocomial pathogens (multidrug-resistant Gram- 
positive or Gram-negative organisms) pose difficult problems. Because of the 
potential range of infecting organisms, the use of broad-spectrum antimicrobial 
agents is commonplace. The use of these agents predisposes to the evolution of 
multiresistant bacterial flora and/or the development of yeast or fungal overgrowth. 
Early treatment with either amphotericin or the imidazole antifungals is 
warranted in this setting. Observation for secondary infection by imidazole- 
resistant yeast (T. glabrata or C. crusei) will allow for the prompt, effective use of 
amphotericin B [18, 19]. 

Controversies 

The objective of therapy in transplant recipients is a live patient with a functio- 
ning allograft. Methods to achieve this goal are numerous and not standardized. 
A technique that works in one institution will not have equal applicability at ano- 
ther. Fortunately, the frequency of technical complications after organ trans- 
plantation has decreased over the past decade. Yet the risk of loss of graft is in- 
creased in patients who experience an operative site or intra-abdominal 
infection. As many infections in transplant patients arise from the graft/host in- 
terface, mechanisms to control the flow of urine, bile, or pancreatic exocrine 
secretions are key to long-term success. In the early days of transplantation, sur- 
gery was the only approach. Today endoscopic or percutaneous placement of 
nephrostomy or biliary drainage tubes will clarify anatomy and decompress and 
sometimes control the ureter or bile duct. Additional percutaneously placed 
catheters are necessary to drain intra-abdominal collections of fluid which are 
associated with a leak. Transient control, however, does not translate into good 
long-term results. Early operative intervention, if feasible, should be performed 
to minimize the risk of stricture, erosion of tubes into vessels, and infection from 
plugged catheters, in appropriate candidates. Unfortunately, not all patients are 
candidates for operative repair and if subjected to a major surgical procedure will 
suffer significant wound complications, bleeding, and superinfection, with an 
unforgiving debility. 
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Differentiation of the patient who would benefit from early operative inter- 
vention from the one who is best served by catheter drainage and percutaneous 
control is not clear. The literature suggests that the elderly, malnourished, and 
obese do less well than the young, lean recipient; but this is consistent with in- 
tuition. Better predictors of outcomes are needed. 

Whether antifungal agents should be routinely employed following liver 
transplantation has been controversial [20]. Because the liver patient population 
has to wait longer for an allograft, they become more debilitated, increasing the 
likelihood of fungal infection. In recipients of other allografts, the isolation of 
fungal pathogens is uncommon. Awaiting culture confirmation of yeast infection 
prior to treatment is common practice. Imidazole agents such as fluconazole 
have few significant side effects and their use has increased dramatically. There 
is concern that extended administration will result in an increasing prevalence 
of resistant yeast forms. Amphotericin B is an agent to be used with caution in 
the transplant patient population, because of the ubiquitous impairment of renal 
function. 



Critical Factors and Decision Making 

Prompt, precise diagnosis is key to successful management of deep space infec- 
tions in transplant patients. The integration of contrast and interventional 
radiographic techniques and endoscopic evaluation is the most commonly em- 
ployed approach to complications of the biliary tree and ureter. To avoid pro- 
tracted use of stents and drainage bags, one can make the case for operative cor- 
rection when leaks occur within the first 2 weeks of transplantation in the young, 
otherwise healthy patient. When catheters are used for control of infected fluid 
and the flow of urine or bile, repetitive radiographic assessment is necessary un- 
til the leak and intra-abdominal fluid has been shown to be controlled. Whenever 
gastrointestinal disruption is seriously entertained, operative evaluation should 
be promptly employed. 

As a general rule, samples from all deep space fluid collections should be sent 
for culture. These patients have typically been ill for some time and will often 
grow nosocomial pathogens in the first infectious event. The need for tailored 
antimicrobial therapy is great, because of the probability of multiresistant or- 
ganisms. 
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Invited Commentary 

Zakiyah Kadry, Pierre-Alain Clavien 



Dr. Pruett provides a good general approach to the problem of infectious com- 
plications following transplantation. Key principles applicable to any solid organ 
transplant, including early aggressive investigation and treatment of infection, 
reduction of immunosuppressive therapy, correction of comorbid conditions 
and nutrition, along with early interventional or operative management of tech- 
nical problems are emphasized early in the chapter. 

The first 3 months following solid organ transplantation are a particularly cri- 
tical period, because of the immunosuppressive regimen and the fact that tech- 
nical problems relating to the transplant procedure are most likely to become 
manifest. The balance between acute rejection and overimmunosuppression is a 
particularly tenuous equilibrium and this is particularly evident when one ex- 
amines the increased incidence of infectious complications in organ transplant 
patients requiring higher levels of immunosuppression such as recipients of in- 
testinal allografts [1]. In the latter group of patients, bacterial translocation with 
loss of the intestinal barrier function during episodes of acute rejection is an ad- 
ditional predisposing factor to an infectious risk. 

Dr. Pruetfs chapter concentrates on typical surgical infections. However, the 
solid organ transplant recipient is more susceptible to certain forms of infection. 
Bacterial infections such as those associated with urinary tract infections, wound 
infections, technical complications such as biliary leaks or hepatic artery throm- 
bosis, or sepsis caused by intravascular catheters tend to occur in the first month. 
Opportunistic infections such as cytomegalovirus occur most frequently after 
the first month following transplantation and often before 6 months have elap- 
sed: a time period during which the patient is usually maximally immunosup- 
pressed [2, 3]. After the first 6 months, patients are still at risk for opportunistic 
infections, as well as for infections caused by community-acquired bacterial pa- 
thogens [2,3]. Viral infections are an important cause of infection, both in the first 
6 months and later following transplantation [2, 3]. 

The impact of fungal infections in solid organ transplant recipients is relative- 
ly underestimated in the chapter by Dr. Pruett. The incidence of fungal infection 
has been reported to be up to 5% in kidney allograft recipients, 10-35% 
heart/lung recipients, 38% in pancreas recipients, 42% in liver recipients, and 
33%-53% in small-bowel transplant recipients [4-6]. The high incidence in liver 
allograft recipients may reflect more than the longer waiting time and the state 
of debility of the patient. Candida is the predominant infectious agent [3] and co- 
lonization of the gastrointestinal tract by Candida has been reported to occur in 
up to 100% of potential liver allograft recipients [3-7], probably because of chro- 
nic liver disease necessitating multiple prior hospitalizations and antibiotic 
treatment for a variety of infections including spontaneous bacterial peritonitis. 
In 1994, Kusne et al. analyzed endoscopic samples at 7 alimentary tract locations 
in 30 randomly selected patients with advanced chronic liver disease undergoing 
a liver transplant evaluation [8]. Results of the analysis showed that 100% of the 
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patients grew Candida in at least one site of the gastrointestinal tract, 50% in the 
duodenum. Most fungal infections in the liver transplant recipient tend to occur 
in the first 2 months after liver transplantation. Predisposing factors include dis- 
ruption of the integrity of the biliary tract and intestine during the creation of a 
choledochojejunal anastomosis; however, additional risk for a clinically evident 
infection is associated with difficult or prolonged surgery, poor allograft func- 
tion, retransplantation, and biliary leaks [6, 9, 10]. 

Dr. Pruett also does not touch on the subject of prophylaxis against prevalent 
infections that are not clinically significant before transplantation, for example, 
cytomegalovirus or bacterial colonization in lung transplantation for cystic 
fibrosis - which can become manifest in the postoperative period. The manage- 
ment principles of acute infection are, however, well emphasized. Although the 
therapeutic methods used to achieve the endpoint of a live patient and functio- 
ning allograft are not standardized between centers, the importance of early con- 
trol of infection with antimicrobial therapy, aggressive radiological investiga- 
tions and fluid/tissue sampling, and early correction of predisposing technical 
complications are clearly outlined. 
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Editorial Comment 

Although the transplant patient is at increased risk of infectious complications 
following transplantation, as emphasized by Dr. Pruett, these complications ari- 
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se from the technical challenges of surgery more than from the effects of immu- 
nosuppression to prevent graft rejection. The typical infecting organisms are 
those that are isolated in critically ill patients and result from invasive monito- 
ring devices and indiscriminate antibiotic use, rather than from systemic immu- 
nosuppression. Indeed, bacterial infection is largely controlled by innate im- 
mune mechanisms, including neutrophils and macrophages, and the integrity of 
these is not altered by antirejection medications that target the adaptive immune 
response. 




35 Tertiary Peritonitis 

Robert G. Sawyer 



Key Principles 

• The treatment of tertiary peritonitis involves a multidisciplinary approach 
requiring knowledge of gastrointestinal surgery, infectious diseases, critical 
care, nutrition, and radiology. 

• As tertiary peritonitis progresses, the opportunity for aggressive open surgical 
intervention decreases and minimally invasive procedures are favored. 

• The organisms associated with tertiary peritonitis are nosocomial in origin, 
often difficult to treat, but sometimes of unclear pathological relevance. 

• Tertiary peritonitis Is rarely cured rapidly and frequently requires long rehabi- 
litation and secondary procedures weeks to months after initial presentation. 



General Approach 

The term tertiary peritonitis has been applied to describe recurrent infection of 
the peritoneal cavity after a prior episode of secondary peritonitis [i]. This enti- 
ty encompasses a broad range of presentations, ranging from a pelvic abscess in 
an otherwise stable patient previously treated for a perforated appendix, to a des- 
perately ill patient with ongoing infected necrotizing pancreatitis. Morbidity and 
mortality also vary based on the severity of the underlying pathology [2, 3]. 
Despite this, unifying themes in the diagnosis and management of tertiary peri- 
tonitis can be applied to all of these scenarios. 

The diagnosis of tertiary peritonitis must be entertained in any patient pre- 
viously treated for secondary peritonitis [4] whose recovery deviates from its ex- 
pected course. The adequacy of the initial source control procedure must be kept 
in mind [5]. Although it is easy to identify recurrent infection in a patient with 
new onset fever, leukocytosis, hypotension, abdominal pain, and tenderness, 
most patients with tertiary peritonitis do not present with all of these signs and 
when they do, they are relatively late in their course. Any of these symptoms 
should make the surgeon think about further diagnostic testing, as should less 
obvious evidence of recurrent abdominal infection such as the new onset of food 
or tube feeding intolerance, ileus, or nausea and vomiting. In critically ill patients, 
other subtle signs include the need for increased ventilatory support, tachycardia, 
decreased urine output, hyperbilirubinemia, reduced tolerance of dialysis, hypo- 
thermia, or arrhythmias. Any of these conditions under the appropriate circum- 
stances should trigger further diagnostic efforts. 
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Table 1. Characteristics of the last 129 cases of tertiary peritonitis at the University of Virginia (1996-2000) 



Basic 

demography 


Source 


Initial source 

control 

procedure® 


Treatment for 

tertiary 

peritonitis 


Organisms 


Mortality 


Age 


Esophagus, 

0% 


Drainage only, 
30% 


Drainage only, 
67% 


Gram (+): 77 


All patients 


50±1 years 


Stomach/duo- 
denum 16% 


Repair/ patch, 
20% 


Repair/ patch, 
8% 


Gram (-): 40 


25/129 (19%) 


Gender 


Pancreas, 

21% 


Diversion only, 
2% 


Diversion only, 
5% 


Fungi: 42 


APACHE II <10 


70 M, 59 F 


Small bowel, 
22% 


Resection, 

38% 


Resection, 

15% 




1/36 (3%) 


APACHE II 


Large bowel, 
19% 


Resect and 
divert, 7% 


Resect and 
divert, 15% 


C albicans: 23 


APACHE n 11-20 


14.9±0.7<3 


Appendix, 

2% 

Liver/biliary, 

16% 

Kidney, 2% 
Other, 3% 


Antibiotics 
only, 3% 


Antibiotics 
only, 4% 


E.faecium: 21 

E.faecalis: 19 

E. coli: 1 1 
S. aureus: 9 


4/65 (22%) 
APACHE II >20 
10/28 (36%) 



^ Performed for presenting episode of tertiary peritonitis. 



Tertiary peritonitis occurs in patients afflicted by secondary peritonitis (Table i). 
Patients tend to present with a relatively high severity of illness (mean APACHE 
II score of 15). The most common original sites of infection are evenly distribu- 
ted between stomach/duodenum, pancreas, liver and biliary tree, and small and 
large bowel, and tertiary peritonitis can develop after all methods of initial sour- 
ce control procedures for secondary peritonitis. 



Abdominal Imaging 

Computer tomographic (CT) scanning can reliably rule in or rule out a signifi- 
cant ongoing intra-abdominal infection. Blind re-exploration of the abdomen 
despite a negative CT scan is only rarely indicated. The CT scan provides several 
pieces of useful information: 

• Free air more than 1 week after a prior intra-abdominal procedure frequently 
represents ongoing or new leakage from a hollow viscus. 

• Abscesses of significant size are generally seen as rim-enhanced lesions. 

• Fluid collections without the typical characteristics of an abscess can still be 
infected or indicate a leak; repositioning the patient may be necessary to de- 
termine whether or not the fluid is free-flowing and more likely benign. 

• Visualization of extraluminal contrast material occasionally allows the loca- 
lization of gastrointestinal (GI) leaks. 

• The condition of the bowel itself, whether obstructed, edematous, ischemic, or 
normal can also be assessed. 
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Occasionally, ultrasound can substitute for CT scanning; although less sensi- 
tive and specific, it can be easily performed at the bedside in unstable patients. 
More specific localizing procedures such as an upper gastrointestinal series or 
fistulogram are helpful in certain cases. 



Percutaneous Sampling 

After a suspicious fluid collection is isolated, sampling should be performed un- 
der radiological guidance [6]. This procedure allows one to determine whether 
or not the fluid is infected and can provide information about the origin of any 
ongoing GI leaks. Fluid will routinely be sent for cell count. Gram stain and cul- 
ture, and total bilirubin, amylase, and creatinine if biliary, pancreatic, or urinary 
fistulae are suspected. When patients are receiving, or recently have received anti- 
biotics, care must be taken in interpreting negative culture results; significant 
numbers of bacteria on Gram stain or an elevated fluid white blood cell count 
may be sufficient to diagnose infection in the absence of viable pathogens. 



Management Options 

Once an active infection is diagnosed (frequently by immediate visual examina- 
tion of aspirated fluid), several treatment options are possible. The first conside- 
ration is whether or not there is ongoing contamination from a hollow viscus. 
Operative management of a visceral leak includes repair, diversion, or resection 
combined with drainage of infected fluid. Not all leaks, however, require opera- 
tion, and the placement of a drain to create a controlled fistula can often serve as 
successful temporizing therapy. The majority of patients can first be treated with 
a percutaneously placed drain (Table i). In cases where a source control proce- 
dure is needed but a safe percutaneous route is not possible, surgical approaches 
that avoid contamination of the peritoneum, such as through the flank, should be 
considered. 



Microbiology and Antibiotics 

Culture data should be evaluated carefully, given the unpredictable nature of the 
pathogens involved (Table i). Nosocomial organisms such as C. albicans and 
Enterococcus species are common, yet community-acquired organisms such as 
£. coli and S. aureus are also isolated [7]. We will frequently start broad-spectrum 
empiric therapy, for example, imipenem or piperacillin/tazobactam, and adjust 
the regimen on the basis of cultures. Although fungi are common isolates, we 
reserve empiric therapy with antifungal agents for cases involving the upper GI 
tract, and otherwise withhold treatment until after Gram stain and culture re- 
sults return. The optimal duration of antibiotic therapy is unclear [8], since the 
infected space frequently cannot be sterilized. If physiologic improvement is no- 
ted, a 7- to 14-day course is reasonable. Even if the patient still remains febrile or 
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demonstrates a leukocytosis at the end of a predetermined course of antibiotics, 
we still favor stopping therapy and repeating both cultures and radiological in- 
vestigations, searching for cryptic sites of infection. 



General Support 

The role of physiologic support of the patient with tertiary peritonitis cannot be 
overstated. Nutrition must be provided, with increasing evidence that enteral 
tube feedings, possibly with immunologically enhanced formulas, are superior to 
parenteral nutrition. Other techniques to avoid further complications such as 
maneuvers to decrease the risk of pneumonia in intubated patients should be 
rigorously applied. Finally, the early involvement of physical therapists and re- 
habilitation specialists in the care of severely debilitated patients is mandatory. 

One of the most difficult aspects of the management of this disease is how to 
determine when a course of treatment has failed and another round of diagnostic 
investigation is required [9, 10]. Many patients will have an exaggerated septic re- 
sponse for 1 or 2 days after an initial intervention, particularly after the stress of 
an open procedure. After this period, unequivocal improvement, even if slow, 
should be seen. If the patient worsens or stops improving, a renewed effort to diag- 
nose infection, in the abdomen and at other sites, should be pursued [11, 12]. 



Controversies 

There are many controversies regarding the pathogenesis and treatment of ter- 
tiary peritonitis. 

• First, it is now clear that sterile inflammation such as pancreatitis can produce 
the clinical signs and symptoms characteristic of infection and sepsis. This po- 
pulation does not benefit from antibiotics. 

• Second, the techniques of open surgical and percutaneous radiological manage- 
ment of intra-abdominal infection are complementary, rather than competing, 
modalities. It is much less important to determine which method is superior in 
cases when both could be used than to understand where one or the other is 
relatively contraindicated. 

• Third, the role of repeated laparotomy, the open abdomen, or etappenlavage 
remains unknown [13-15]. Many small studies support or refute its use, imply- 
ing that the exact patient population which might benefit from this technique 
has yet to be precisely defined. 

• Fourth, many patients with persistent open or draining anatomic spaces will 
become colonized with nosocomial organisms which are not actively causing 
invasive infection, yet many commensal organisms such as C. albicans or S. epi- 
dermidis are quite capable of causing lethal infections. The necessity, type, and 
duration of antibiotic treatment under these circumstances, therefore, remain 
open to debate. 

• Finally, opinions regarding the survivability of any episode of peritonitis have 
become more optimistic. For example, in the past an APACHE II score of 15 was 
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felt to predict a mortality of 50% among patients with intra-abdominal infec- 
tions; among our most recent 86 patients treated for peritonitis with scores of 
14-16, the mortality was only 11%. Although one must continue to remain cir- 
cumspect, the prognosis for critically ill patients continues to improve and 
should be taken into account when withdrawal of support is considered. 



Critical Factors and Decision Making 

The management of tertiary peritonitis has evolved over time. The diagnosis 
must first be established, usually radiologically, to avoid procedures on patients 
who do not have active infection yet still look septic. The anatomic focus of 
infection should be localized as accurately as possible. An ongoing source of 
leakage must be sought and the necessity for further source control procedures 
considered. Percutaneous drainage is often the best first option. Drained material 
should be cultured for nosocomial pathogens, including fungi, and a course of 
antibiotics administered, guided by clinical response. Careful attention must be 
paid to physiologic support, particularly nutrition, volume management, and 
physical therapy, since these patients frequently are just beginning a long and 
complicated hospital course. 




Diagram 1. Management algorithm for tertiary peritonitis 
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Invited Commentary 

Jonathan L Meakins 



The introduction of a new term often engenders confusion about definition; to 
paraphrase Lewis Carroll, the word means what I mean it to mean. The concept 
of “persistent peritonitis” was first published in 1986 by Rotstein [1]. In this 
article, patients who had continuing nonresolving infection of the peritoneal 
cavity were found to have a different spectrum of organisms from those found in 
classic secondary peritonitis. Contrary to expectations, the flora was not the 
typical mixed anaerobic and aerobic bacteria of GI origin, but rather a flora whose 
growth is associated with antibiotic use or a commensal flora of uncertain pa- 
thogenicity. Characteristically S. epidermidis, enterococci, R aeruginosa and 
Candida were found along with a wide spectrum of aerobes, but few anaerobes. 
Marshall et al. [2] subsequently found identical flora in the proximal GI tract of 
ICU patients at risk for nosocomial infection. In those patients with persistent 
peritonitis, the GI and peritoneal cultures were identical. The presence of persi- 
stent diffuse peritonitis and a dramatically different flora from that characteri- 
stically found in primary or secondary peritonitis led Rotstein and Meakins to 
coin the term “tertiary peritonitis,” and use it at Grand Rounds, an American 
College of Surgeons Plenary Session [3]. The concept mirrored tertiary hyper- 
parathyroidism, where following secondary hyperparathyroidism, the enlarged 
parathyroid glands take on a life of their own when the initiating event (renal 
failure) is managed by transplantation. Peritonitis in this setting takes on a life of 
its own with a different microflora, the inability to localize and no primary source. 

What factors allow this entity to become established and to persist in the ab- 
sence of an ongoing source of contamination? While there are no specific data, it 
is clear that patients with major infections having had surgery, with ongoing ma- 
jor systemic medical illness and major (multiple) organ dysfunction, have an ac- 
quired immunodeficiency [4I. Don Fry was heard saying in a discussion of the ma- 
nagement of intra-abdominal abscess that the formation of the abscess was the 
first signal of the healing process; it was the failure or inability to form the abscess 
that was the problem. These patients could not localize or contain the infection 
and were therefore likely to be sicker and at greater risk of a poor outcome. Terti- 
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ary peritonitis is the extreme expression of the host’s inability to contain and lo- 
calize an intraperitoneal infectious process, which has no source. The peritoneal 
cavity is completely involved usually with watery, brackish-looking pus. 

Dr. Sawyers’ algorithm points out the importance of ensuring via imaging that 
there are no collections and no holes in the GI tract, as both require interventio- 
nal solutions before infection can be resolved, i.e., source control. In the absence 
of a specific defect or source, another approach to management is required. We 
must think outside the box as it is common, perhaps the rule, that the state ari- 
ses because of the quality of initial and subsequent surgical management. I have 
frequently thought that apart from tertiary peritonitis, there was not very much 
more we needed to study about the management of intraperitoneal infection. 

Our own approach was to use the open abdomen, something we felt made a 
major difference to outcome. It has been impossible to prove. The microbial source 
seems to be the GI tract: is decontamination the solution? With the passage of 
time, better source control, earlier reoperation when initial treatment goes poor- 
ly, cleverer use of antibiotics, and generally better ICU and comprehensive care, 
the incidence of tertiary peritonitis in our center is now low, and usually a result 
of major trauma. Biotechnologic support of the immune system might also be the 
answer! However, when all is said and done, correct application of initial thera- 
py, proper application of algorithms such as that presented and optimal clinical 
care will make tertiary peritonitis a rare entity. 
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Editorial Comment 

What is tertiary peritonitis? Should any form of postoperative intra-abdominal 
infection be so defined? Dr. Sawyer thinks so and would include in this entity 
even a pelvic abscess after appendectomy for acute appendicitis. This is perhaps 
why his series of tertiary peritonitis has such a low mortality, while in most con- 
temporary series around one-third of patients treated for severe postoperative 
peritonitis still die (see Chap. 42). 

Our definition of tertiary peritonitis mirrors that of Dr. Meakins: “Peritonitis 
in this setting takes on a life of its own with different microflora, the inability 
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to localize and no primary source.” Thus, diffuse peritonitis resulting from a 
leaking colorectal anastomosis will become tertiary only after the leak has 
been controlled (colostomy) and following 5-7 days of antibiotic treatment, 
the patient is septic with peritoneal fluid collections containing peculiar orga- 
nisms. 

We should remember, however, that a new source or a drainable abscess might 
still develop in these patients. Careful bedside examination of all open wounds 
and connecting spaces, supplemented with serial CT scans, is crucial to discover 
treatable sources or collections in the otherwise surgically untreatable tertiary 
peritonitis. As Dr. Sawyer suggests, the key to patients’ survival is a multidiscipli- 
nary approach, orchestrated, however, by the operating surgeon. If all sources are 
mechanically controlled, pus is evacuated, unnecessary invasive procedures re- 
duced to minimum, enteral nutrition provided, courses of antibiotics limited, 
and maximal organ support provided the patient suffering from tertiary peri- 
tonitis may survive. But this usually takes many weeks and is expensive: preven- 
tion is simpler and cheaper. In our experience, most cases of nontraumatic ter- 
tiary peritonitis follow faulty initial management of secondary and postoperative 
peritonitis. 




36 The Role of Laparoscopy 

PlOTR GoRECKI 



Key Principles 

• Laparoscopic evaluation of the peritoneal cavity permits magnified visualiza- 
tion of peritoneum and intra-abdominal organs with less tissue trauma than 
laparotomy. 

• Laparoscopy can detect pus, feces, bile or blood - facilitating the identification 
of the source of intra-abdominal pathology and estimating its severity. 

• Whether the therapeutic procedure is laparoscopic or conventional depends on 
the findings, the patient's condition, and the complexity of the planned pro- 
cedure. 

• Advantages of laparoscopy over laparotomy include reduced perioperative 
pain, shorter hospital stay, quicker recovery, and decreased wound complica- 
tions, particularly wound infection and incisional hernias. In addition, laparo- 
scopic procedures result in improved cosmesis and greater patient satisfaction. 



General Approach 

Gynecologists have used laparoscopy as a diagnostic tool for many decades. Ra- 
pid spread and acceptance of laparoscopic cholecystectomy in the early nineties 
and recent advances in laparoscopic instrumentation dramatically expanded the 
therapeutic application of laparoscopic techniques. Improved endoscopic sta- 
pling devices and laparoscopic suturing techniques have made it possible to per- 
form most complex procedures. Over the past few years, laparoscopy has been 
used in the management of a wide variety of elective and emergent intra- 
abdominal problems. 

Laparoscopy has been shown to be sensitive and organ-specific in determi- 
ning the presence and nature of acute intra-abdominal disorders. In a group of 
121 patients with acute abdominal pain, a definitive diagnosis was made in 98% 
of cases and therapeutic laparoscopic procedures were performed in 44% of 
patients [1]. Diagnostic laparoscopy has been associated with lower morbidity 
(3% vs 22%) and a shorter hospital stay (1.4 vs 5.1 days) when compared to nega- 
tive or nontherapeutic laparotomy [2]. 

Typical conditions in which laparoscopy can be employed include localized 
peritonitis and acute abdominal pain of uncertain etiology associated with equi- 
vocal physical, sonographic, or radiological findings. Acute cholecystitis, acute 
appendicitis, and acute gynecological pathology are classic examples of clinical 
disorders that can be diagnosed and managed laparoscopically. Less common or 
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Table 1. Applications of laparoscopy in source control 



Clear indications 
for laparoscopy 


Potential and controversial 
indications for laparoscopy 


Contraindications to 
laparoscopy 


Acute cholecystitis 


Perforated peptic ulcer disease 


Unstable patient 


Acute appendicitis 


Perforated colon (diverticulitis, 
colonoscopic perforation) 


Presence of abdominal 
hypertension 


Diagnostic laparoscopy 
in acute pain of unknown 
etiology 


Intestinal obstruction 


Severe established peritonitis 


Acute gynecological 
pathology 


Abdominal pain in a pregnant 
patient 

Second-look laparoscopy 

Drainage of intra-abdominal 
abscess 

Rule out intra-abdominal source 
of sepsis in ICU patient 
Stable trauma patient with no 
urgent indications for laparotomy 


Lack of experience 

Elevated ICP (head trauma 
patient) 



ICU, intensive care unit; ICP, intracranial pressure. 



controversial applications for laparoscopy include inflammatory processes or 
perforations of the large or small bowel, perforated peptic ulcer, intestinal ob- 
struction, and evaluation of the acute abdomen in the intensive care unit, during 
pregnancy, and in the stable trauma patient (Table i). 

Absolute contraindications to laparoscopy include hemodynamic instability, 
severe abdominal distention with signs of intra-abdominal hypertension and 
established diffuse peritonitis. In these patients, signs of profound systemic in- 
flammatory response (SIRS) or organ dysfunction call for a prompt laparotomy. 
Abdominal decompression and rapid source control are much more important 
for favorable outcome than the route of operative access. Increasing the intra- 
abdominal pressure (with the pneumoperitoneum) and prolonging surgical 
intervention in this group of sick patients would compromise organ perfusion 
and impair venous return and cardiac output. 



Specific Considerations 

Acute Cholecystitis 

Acute cholecystitis (AC) is a classic example of a resectable infection. Prompt 
cholecystectomy for patient suffering from AC is therefore the most rational 
therapeutic option. Once considered a contraindication to the laparoscopic ap- 
proach, acute cholecystitis has become one of the most common indications for 
laparoscopy and studies have confirmed both the safety and feasibility of the 
laparoscopic approach [3, 4]. The outcome of laparoscopic cholecystectomy is 
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similar to that of elective cholecystectomy [5]. Nonoperative therapy of the acute 
process, followed by delayed cholecystectomy, offers no advantage [6]. Never- 
theless, the rates of conversion to an open procedure and the operating time tend 
to be increased in patients with acute cholecystitis as compared to elective lapa- 
roscopic cholecystectomy [3]. 

Acute cholecystitis should be treated by laparoscopic cholecystectomy, pre- 
ferably within the first 72 h. Conversion to an open procedure, when anatomy 
becomes unclear or dissection difficult is a sign of a good surgical judgment (see 
Chap. 16). 



Acute Appendicitis 

The primary advantage of laparoscopic over open appendectomy is its potential 
to evaluate the entire peritoneal cavity. It is particularly helpful in cases in which 
the diagnosis is uncertain, for example, in women with right lower quadrant pain 
[7]. In a study of 100 patients subjected to diagnostic laparoscopy before an open 
appendectomy, the rate of misdiagnosis was 41% in female patients of reproduc- 
tive age and 8% in male patients [8]. Findings other than appendicitis permit se- 
lection of the optimal incision or a decision for conservative treatment. Ruptured 
appendicitis with diffuse peritonitis or abscess formation can also be successful- 
ly managed by laparoscopy [9, 10] . In a meta-analysis of twelve randomized con- 
trolled trials of laparoscopic versus open appendectomy [11], fewer wound infec- 
tions and an earlier return to normal activities were noted in laparoscopic 
groups. There were no significant differences in mean length of hospital stay, in- 
tra-abdominal abscess formation and readmission rates. Mean operating time 
was significantly longer when the laparoscopic approach was used, and overall 
conversion to an open procedure was 11%. 

Laparoscopic appendectomy is a good alternative to an open appendectomy. 
The advantages of the laparoscopic approach are particularly evident in female 
patients and in those in whom the diagnosis is uncertain. Obese patients may al- 
so benefit from laparoscopy since the technique facilitates exposure and mini- 
mizes wound complications (see Chap. 14). 



Perforation of the Colon 

Acute diverticulitis and iatrogenic perforation of the colon during colonoscopy 
are novel examples of successful application of minimally invasive techniques in 
the management of colonic source. Depending on the nature of the perforation 
and the severity of peritonitis, simple closure, tangential resection, segmental 
resection, or creation of a colostomy can all be performed laparoscopically [12]. 
Laparoscopy-assisted sigmoid resection with anastomosis has been successfully 
utilized in patients with diverticulitis (Hinchey I patients), with a reduced hos- 
pital stay compared to laparotomy [13]. Laparoscopic peritoneal lavage without 
resection or diversion was described in eight patients with diffuse purulent 
peritonitis secondary to perforated diverticular disease. All patients made a com- 




The Role of Laparoscopy 



353 



plete recovery within 5-8 days and no patient required surgical intervention 
during 12-24 months of follow-up [14]. This innovative approach needs further 
study to confirm its safety before it can be recommended. Hand-assisted colec- 
tomy can combine the advantages of minimally invasive access with preservation 
of tactile sensation during dissection. This so-called handoscopy technique 
also offers an intermediate step for surgeons interested in laparoscopic colon 
surgery. Laparoscopy should not be used in the management of perforated cancer 
or complex penetrating trauma to the colon. 



Perforated Peptic Ulcer Disease. Is Laparoscopy Less Invasive? 

Animal studies have shown that minimally invasive techniques result in reduced 
cytokine production when compared to laparotomy [15]. This, however, may be 
of secondary importance in peritonitis. In the two randomized studies compa- 
ring laparoscopic to an open repair of perforated peptic ulcer [16, 17], there was 
no difference between the two treatment groups with respect to acute stress re- 
sponse [16]. A study from Hong Kong showed no difference between the laparos- 
copic and open groups in terms of duration of nasogastric aspiration, duration 
of intravenous fluids, total hospital stay, time to resumption of a normal diet, 
morbidity, and reoperation and mortality rates [17]. It suggested that for patients 
with established peritonitis, the minimal reduction in access-related stress re- 
sponse is largely offset by sepsis, the major contributing factor to the inflammatory 
response. The requirement for postoperative analgesics was, however, signi- 
ficantly less with the laparoscopic approach to perforated peptic ulcer disease 
(PUD). One can also expect a reduction in short and long-term wound compli- 
cations in laparoscopically treated patients (see Chap. 11). 



Special Problems Related to Laparoscopy 

Increased Intra-abdominal Pressure 

Peritoneal insufflation elevates intra-abdominal pressure (lAP) to approximate- 
ly 15 mmHg and may cause symptoms of intra-abdominal hypertension. This in- 
creased pressure, in turn, can adversely affect hemodynamic and respiratory func- 
tion [18]. Therefore, conditions in which signs of intra-abdominal hypertension 
exist such as severe peritonitis with visceral edema or the need for massive fluid 
resuscitation preclude the safe use of laparoscopy. In such patients, the added 
pressure from the pneumoperitoneum can result in visceral hypoperfusion, 
decreased cardiac output and venous return and worsening of the overall septic 
picture [19, 20]. The duration of the laparoscopic procedure and patient comor- 
bidities should also be considered before attempting a laparoscopic approach. 
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CO2 Pneumoperitoneum and Bacterial Translocation 

It has been suggested that CO2 pneumoperitoneum may increase bacterial trans- 
location and aggravate bacteremia and the metabolic and hemodynamic distur- 
bances induced by peritonitis. Animal studies yield divergent results, both posi- 
tive [21] and negative [22]. It appears, however, that CO^ pneumoperitoneum may 
play a role in aggravating the severity of peritonitis in cases of advanced perito- 
nitis and prolonged exposure to positive-pressure pneumoperitoneum [20, 21]. 



Reduced Venous Return and Deep Vein Thrombosis 

Reduced venous return during peritoneal insufflation may contribute to the de- 
velopment of deep vein thrombosis (DVT) by producing venous stasis in lower 
extremities. This theoretical risk can be obviated if adequate prophylaxis in the 
form of low-dose heparin and sequential compression stockings are utilized [23]. 
In a prospective study from Australia [24], the incidence of DVT detected on a 
routine preoperative and postoperative duplex scan was the same among patients 
undergoing minilaparotomy and laparoscopic cholecystectomy. A collective 
review of 153,832 patients undergoing laparoscopic cholecystectomy revealed 
that the rate of fatal pulmonary embolism was 0.02% and total rate of pulmonary 
embolism was 0.06%. The average rate of reported DVT was 0.03% and seemed 
to be lower than after conventional cholecystectomy [25]. 



Laparoscopy in the Pregnant Patient 

Approximately 0.2% of pregnant patients require intra-abdominal general sur- 
gical intervention during pregnancy. Acute appendicitis and acute cholecystitis 
are the most common surgical emergencies, occurring in o.05%-o.i% and 0.05% 
of pregnancies, respectively. Multiple reports have shown the feasibility and 
safety of laparoscopic intervention during all trimesters of pregnancy, but the 
second trimester appears to be the safest 126]. The advantages of laparoscopic 
intervention are the same as for nonpregnant patients, and no increase in mater- 
nal or fetal morbidity or mortality has been identified [27]. There are some con- 
cerns, however, that prolonged positive-pressure pneumoperitoneum and hy- 
percapnia may have adverse effects on fetal metabolism. Therefore, close 
intraoperative maternal and fetal monitoring is advised. Limited working space 
caused by an enlarging uterus and more difficult access render the laparoscopic 
technique in a pregnant patient a challenge. 



Controversies 

Since laparoscopic techniques are continuously expanding, there are an increa- 
sing number of controversies regarding their use. Most of the relevant studies 
represent clinical reviews rather than randomized trials. The problem of data 
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analysis is often biased by selection criteria and surgeon experience. The ques- 
tion also remains whether the benefits of minimally invasive access outweigh its 
potential shortcomings, including the need for positive-pressure pneumoperito- 
neum and a duration of laparoscopic intervention. The main controversies can 
be summarized as follows: 

• Is laparoscopy better than laparotomy in treating patients requiring source 
control intervention? 

• Is laparoscopy adequate to determine the source of abdominal infection? 

• Who is an appropriate candidate for the laparoscopic approach? 

• Does laparoscopy provide adequate source control? 

• Is it safe and effective in the pregnant patient? 

• Are the adverse effects of CO^ pneumoperitoneum and elevated intra-abdominal 
pressure clinically significant? 

• Who is qualified to perform the procedure? 



Critical Factors and Decision Making 

Laparoscopy has become a valid tool in the management of the patient requiring 
source control intervention. Its primary role is to decrease the morbidity of a ne- 
gative or nontherapeutic laparotomy and to provide a diagnosis of abdominal 
pain of unclear etiology. It has an established role in the management of common 
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Diagram i. Algorithm for application of laparoscopy in source control 
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infections such as acute cholecystitis, appendicitis, and gynecological pathology. 
Source control in early perforated peptic ulcer or early colonic perforation has 
demonstrated the benefits of minimally invasive access. Other potential applica- 
tions for laparoscopy have been reported (Table i). Laparoscopy should not be 
used in patients with severe established peritonitis, especially those with pre- 
existing abdominal hypertension or hemodynamic instability. Surgeons inter- 
ested in emergency laparoscopy should know their technical limitations, and 
should have experience in elective laparoscopy. 
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Invited Commentary 

Zygmunt H. Krukowski 



Laparoscopy is a large component of my elective practice but I use it relatively 
infrequently in emergency circumstances. With few exceptions, in a genuine 
emergency, as opposed to scheduled operation, the need to achieve all the thera- 
peutic objectives can only be achieved by an adequate laparotomy. 



Diagnostic Laparoscopy 

The diagnostic potential of laparoscopy is clear but its role remains controversial. 
A firm diagnosis is only necessary if it impacts on management. Several self- 
limiting and relatively minor conditions, which may present with abdominal 
signs insufficient to merit early intervention, are satisfactorily managed by active 
observation. The comparative risk of a period of observation versus a controlled 
episode of penetrating abdominal trauma (i.e., diagnostic laparoscopy) is no con- 
test in my view. This is not to say that there are no indications for diagnostic la- 
paroscopy in a subgroup of patients in whom continuing symptoms merit inter- 
vention when resolution has not followed noninvasive assessment. By itemizing 
the absolute contraindications to laparoscopy in emergency surgery. Dr. Gorecki 
has, by my reckoning, defined the precise indications for emergency surgery re- 
quiring source control. 
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Therapeutic Laparoscopy 

A laparoscopic approach has an established role in appendicitis and cholecysti- 
tis. The relative benefits are greatest in the heavily muscled or obese patient in 
whom open access requires a larger incision or more aggressive retraction with 
consequent wound trauma and increased risk of wound sepsis. Similarly, a lapa- 
roscopic approach to insert the few sutures required to seal the majority of per- 
forated peptic ulcers is superficially attractive but the relative difficulty of a 
thorough peritoneal toilet in established peritonitis means that it is most effec- 
tive when the perforation is recent and contamination more limited. Nonrando- 
mized series confirm the technical feasibility of laparoscopic closure but rando- 
mized study suggests that there may be a higher incidence of postoperative 
peritoneal abscess. It may also be hard for the surgical psyche to admit “defeat” 
and change from a laparoscopic to an open approach to achieve optimal perito- 
neal toilet. 

A flood of supportive documentation has not followed the pilot report of 
managing generalized peritonitis due to diverticular disease. A conservative 
approach to sepsis secondary to sigmoid diverticulitis is well documented. Esti- 
mating the extent of peritoneal reaction without surgery is speculative. If all pa- 
tients with a clinical and/or radiological diagnosis of acute diverticulitis were 
subjected to surgery the extent of inflammatory response would often be consi- 
derable, but we know that the majority resolve without intervention. Resolution 
after laparoscopic peritoneal lavage may be attributed to this intervention, 
although a cynic would question this. In the absence of controlled comparative da- 
ta I would maintain that these patients would have settled without the intervention. 

The possibility of laparoscopic management of an instrumental colonic per- 
foration would depend on the site and size of the perforation. If intervention is 
required to control contamination and a major resection is not indicated then 
this seems a reasonable suggestion. The few colonoscopic perforations I have ma- 
naged have been treated without operation albeit with an anxious few days for 
the colonoscopist. 

Dr. Gorecki does not mention laparoscopy-assisted minimal access approa- 
ches to pancreatic abscess and necrosectomy. There are encouraging reports of 
successful management of severe retroperitoneal sepsis by a laparoscopic extra- 
peritoneal rather than transperitoneal route and our limited experience suggests 
that this is a very promising development [i, 2]. 

In summary, source control is most necessary for patients with the most se- 
vere assault on their peritoneal defense mechanisms and systemic sepsis. These, 
however, are the patients least likely to do well with a laparoscopic approach. 
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Editorial Comment 

The role of laparoscopy in the diagnosis and treatment of nontraumatic abdo- 
minal emergencies is evolving. Hitherto, it has reached wide acceptance in acute 
cholecystitis and gynecological conditions. There is a strong rationale for lapa- 
roscopy when the source of right lower quadrant pain is questionable - especial- 
ly in a female patient. 

We find that insertion of the laparoscope prior to an exploratory laparotomy 
for clinical diffuse peritonitis allows for a more direct and less traumatic access: 
a smaller transverse incision directly over the source - identified during the la- 
paroscopy - is easier on the patient than the classic long midline laparotomy with 
its inherent tendencies to dehisce and herniate. However, a “negative” laparosco- 
py in a patient with clinical acute peritonitis is an indication to convert to a 
laparotomy, for sometimes the tactile sense is indispensable (e.g., a diverticular 
abscess hidden within the leaves of the mesocolon). 

In order to be able and confident to tackle other conditions through the lapa- 
roscope, one has to be able to laparoscopically explore the various spaces and 
corners of the peritoneal cavity. One has to be skilled in advanced laparoscopic 
techniques and intracorporeal suturing techniques to deal laparoscopically with 
more complicated situations such as the perforated peptic ulcer. 

Professor Krukowski emphasizes that by listing the contraindications to lapa- 
roscopy one understands the indications. Clearly, the acutely ill patient is not a 
suitable guinea pig for budding laparoscopic ambitions. The sicker the patient, 
the more diffuse the peritonitis, the less suitable the patient is for the magic len- 
ses and trocars. One has to be selective and balanced. 
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Key Principles 

• The systemic response to sepsis in early life is different. 

• The main challenge in abdominal source control is necrotizing enterocolitis. 

• Empyema and mediastinitis occur after surgery for esophageal atresia, trauma, 
and pneumonia. 



General Approach 

Management of the child with a surgical focus of infection differs considerably 
from that of the adult. A different spectrum of diseases presents to the pediatric 
surgeon and children manifest different immunological and metabolic respon- 
ses to systemic infection. This is particularly true in the neonatal period, and the 
challenges of source control differ between the neonate and the older child 
(Table i). The neonate or infant with serious surgical infection should ideally be 
managed by a specialized pediatric surgical service. 

This chapter concentrates on the spectrum of conditions commonly treated 
by pediatric surgeons. 



Table 1. Surgical abdominal conditions requiring source control in childhood 
Neonate Infant and child 



Necrotizing enterocolitis 
Hirschsprung’s enterocolitis 
Complications of abdominal surgery 
Leaking enteric anastomoses 
Abdominal wall defects 
Miscellaneous bowel perforations 
Urinary tract obstruction with infection 
Meconium peritonitis 



Appendicitis 
Intussusception 
Meckel’s diverticulitis 
Bowel perforations 
Solid visceral abscesses 
Complications of abdominal surgery 
Leaking enteric anastomoses 
Crohn’s disease 

Obstructive uropathy with infection 
Urachal remnants 
Infected pancreatic pseudocysts 
Cholecystitis 
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The Inflammatory Response 

The neonate, particularly the premature infant, is immunologically immature. Ma- 
ternal IgG crosses the placenta and is present from birth. Levels drop during the 
first 30 days of life so that there is a relative hypogammaglobulinemia during the 
second and third months of life. In addition, certain subclasses of IgG namely IgGi 
and IgG4 cross the placenta relatively poorly. As a result, the neonate is more sus- 
ceptible to infection with Group B Streptococci because of a reduced response to the 
polysaccharide capsule. IgM and IgA are absent unless their production has 
been stimulated prenatally by active infection during the pregnancy. 

The newborn’s lymphocytes have an impaired ability to differentiate into plas- 
ma cells and produce immunoglobulin [1]. Helper T cells are also deficient and 
this deficiency contributes to poor immunoglobulin production. Even during 
overwhelming infection, neonates do generally not produce type specific anti- 
body [2]. 

Some aspects of cell-mediated immunity are normal in the newborn, whereas 
others such as the production of IL-2 may be deficient. Cytokine production dif- 
fers from that of the adult and is affected by insults such as fetal distress and pro- 
longed labor [3]. Neonates have both quantitative and qualitative neutrophil de- 
fects, with decreased bone marrow neutrophil storage reserves, an inability to 
increase neutrophil production, and defective neutrophil functional activity. 
They respond to overwhelming sepsis with depletion of the storage pool and the 
development of peripheral neutropenia [4] . As a result of all of these factors, neo- 
nates are at particular risk of serious life threatening infections and experience 
increased mortality and morbidity from such infections. 

The clinical response to life threatening infection differs from that of the adult. 
The neonate typically exhibits such nonspecific signs as lethargy, poor feeding, 
abnormalities of temperature control (often hypothermia rather than fever), and 
apneic spells, followed by acidosis, oliguria, and circulatory collapse. The eleva- 
ted white cell count seen in the adult is frequently not seen in the neonate. Neu- 
tropenia commonly accompanies severe neonatal sepsis and is often associated 
with thrombocytopenia due to dysregulation of the neonatal hematopoetic re- 
sponse [5]. The overstimulation of the cytokine cascade that characterizes the 
systemic inflammatory response syndrome (SIRS) - so well recognized in adults - 
seems to be severely attenuated in the neonatal period. Proinflammatory cytokine 
production is impaired, a factor that likely contributes to an altered clinical 
response. In states of overwhelming infection, neonates tend to develop severe 
acidosis and circulatory collapse of frank septic shock; the insidious progressive 
organ dysfunction (often in the absence of identifiable infection) that character- 
izes SIRS in the adult is rare in the neonate. 



The Abdomen 

The abdomen is the commonest site of infection that requires source control in 
the neonate. Necrotizing enterocolitis (NEC) continues to pose a significant chal- 
lenge to neonatologists and pediatric surgeons worldwide. 
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Aspects of the management of neonatal NEC remain controversial. Early treat- 
ment is nonsurgical and based on resuscitation, bowel rest and decompression, 
and antibiotic therapy. As the majority of cases of NEC resolve on conservative 
treatment, surgery is reserved for bowel perforation or nonrecoverable segmen- 
tal necrosis. Some centers advocate an aggressive approach with early surgery [6] 
prompted by clinical and biochemical markers of severe disease, while others 
practice conservatism with aggressive systemic support and delayed surgery [7]. 
NEC is a heterogeneous disease and accurate markers for irreversible bowel 
ischemia and necrosis have not as yet been clearly established. In addition, prac- 
tices vary according to the standards of supportive care available. The key prin- 
ciples of the surgical management of NEC are: 

• Operation or drainage to control enteric contamination in cases of perforation 

• Resection of definitely necrotic bowel 

• Preservation of maximal bowel length including the ileocecal valve if possible 

• Drainage of localized intraperitoneal infection 

• “Defunctioning” of severely involved bowel that has the potential to recover 

• Management of late complications such as stricture 

The neonatal peritoneal cavity can be effectively drained by the insertion of a soft 
drain through the abdominal wall, an intervention that can be performed at the 
bedside in the intensive care unit. This maneuver can relieve abdominal disten- 
sion that may compromise ventilation in patients with intestinal perforation, and 
can be an effective adjunct to resuscitation in babies being prepared for laparo- 
tomy. Many centers have shown that drainage alone can suffice as definitive treat- 
ment (particularly in the ultra low-birth-weight baby < 1,000 g). 

Resection of severely affected, nonrecoverable bowel is the most effective 
modality of treatment, but is limited by the need to preserve maximal bowel 
length. The length of the small bowel is approximately 115 cm at 27 weeks and 
increases to 250 cm at term [8]. In order to prevent short bowel syndrome, a 
length of 30-60 cm including the ileocecal valve should be preserved. In patients 
with short segment, localized disease segmental resection and primary resection 
can be applied, usually with good results. 

Patients with pan-intestinal disease involving more than 75% of the small bo- 
wel length comprise about 20% of cases of NEC. They pose a particularly diffi- 
cult problem. If the affected bowel is resected the patient is doomed to suffer 
from short bowel syndrome. Under these circumstances, and when there is pat- 
chy, segmental involvement, it is necessary to leave inflamed potentially nonvia- 
ble bowel in the abdomen. While this approach may appear to breach key prin- 
ciples of surgical dogma, it may offer the only chance of recovery with an 
adequate length of viable bowel. Many innovative techniques have been descri- 
bed. A proximal diverting stoma [9] may allow distal bowel to recover. Moore de- 
scribed the “patch, drain, and wait” procedure where perforations are patched by 
suture closure, the abdomen is closed with a Penrose drain in each lower qua- 
drant, and the patient is then treated supportively with parenteral nutrition in 
the hope that there will be a recovery of affected bowel and preservation of 
bowel length [10]. A “clip and drop back” technique [11] allows segments of 
bowel to be “defunctioned” between surgical clips and returned to the abdomen 
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and reassessed at a later operation - when their viability has been confirmed, and 
continuity restored at that time. 

All of these operations leave potentially nonviable bowel in situ, tissue that 
may act as an ongoing nidus for inflammation and infection. Yet this violation of 
a general principle of surgical source control is necessary because of the poten- 
tial for recovery of the affected bowel and the need to conserve bowel length. In 
many instances, with modern supportive therapy, patients tolerate this treat- 
ment. In some cases overwhelming sepsis occurs, but were it not for these inno- 
vative approaches, more babies would succumb to the complications of short bowel 
syndrome, thus justifying this apparently paradoxical approach. 



Hirschsprung's Disease 

The most common source control problem in the surgical treatment of Hirsch- 
sprung’s disease (HD) is the management of anastomotic problems after defini- 
tive coloanal pullthrough surgery. One-stage pullthrough without covering colo- 
stomy has become common practice, but regardless of the type of operation 
used, an anastomotic leak poses a major threat to the patient, both in immediate 
morbidity and long term functional results. Reexploration is indicated at the 
earliest sign of anastomotic leak (lower abdominal pain, tenderness and fever), 
and diversion performed to avoid the disastrous complications of stricture, 
frozen pelvis, and poor anorectal function. 



The Chest 

Conditions requiring thoracic source control are: 

• Anastomotic leaks from repair of esophageal atresia 

• Mediastinitis or empyema following esophageal injury, instrumentation, or 
dilatation 

• Empyema complicating pneumonia 

• Empyema following trauma 



Esophageal Atresia 

As a result of the use of modern surgical techniques, magnification, and monofi- 
lament suture materials, anastomotic leaks complicating operations for esopha- 
geal atresia have become rare. The incidence is reported from o% [12] in a series 
from Minneapolis, including wide gap so-called pure esophageal atresia without 
fistula, to 6%-12% in some series. A 0% leak rate may be difficult to sustain in a 
larger series, but all cases of esophageal atresia and tracheoesophageal fistula 
should be amenable to uncomplicated primary anastomosis. Our own unpub- 
lished experience has been 3 leaks in over 250 cases. Survival of infants with 
esophageal atresia is now dependent on other factors such as associated cardiac 
and chromosomal abnormalities. 
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Extrapleural surgical repair with para-anastomotic drainage limits and effec- 
tively contains the sequelae of minor anastomotic leaks. The findings on a water- 
soluble contrast study guide the management of the leaking anastomosis. Minor 
extrapleural leaks with esophageal continuity can be treated expectantly. Major 
leaks with loss of esophageal continuity (complete anastomotic disruption), or 
associated with pneumothorax and pleural contamination, require reexploration. 
Partial anastomotic breakdown maybe managed by suture or by T-tube drainage 
to establish a controlled fistula. Complete disruption usually requires a cervical 
esophagostomy and the “abandonment” of the esophagus. 



Empyema 

Empyema remains the most common intrathoracic infection presenting to the 
pediatric surgeon (see Chap. 21). It is usually a sequel of pneumonia, but may 
follow thoracic trauma or esophageal perforation. Empyema is classified by the 
American Thoracic Society as exudative, fibrino-purulent, and organizing. 

The mainstay of source control intervention has been tube drainage, with 
open thoracotomy and formal decortication reserved for those cases that do not 
resolve with tube thoracostomy. The requirement for decortication is reported as 
18%, or 7 of 39 cases of fibrino-purulent empyema reported in a large series [13]. 
In our own experience formal decortication has never been necessary for post- 
pneumonic empyema in young, rapidly growing infants and children, and is rare- 
ly required for empyema following esophageal perforation. Most cases resolve 
with tube thoracostomy drainage and prolonged intravenous antibiotic therapy. 

Newer strategies include early thoracoscopy to break down loculations and 
drain empyema cavities, and the use of a fibrinolytic agent such as urokinase in- 
stilled directly into the empyema cavity [14]. These approaches are most benefi- 
cial when used early in the treatment of empyema and have been shown to sig- 
nificantly shorten time to resolution and to decrease the requirement for 
thoracotomy and decortication. However when thoracoscopy is used later for 
nonresolution, it has proven less beneficial [15]. 



Acute exudative 



Diagnostic tap 
Tube thoracostomy 
+ 

Antibiotic 




Established fibrinopurulent 

I 

Tube thoracostomy 

i 

Multiloculated 
Unsatisfactory response 
THORACOSCOPY 
or 

UROKINASE 
or both 



Open thoracotomy drainage or 
Formal decortication 
(ORGANIZED EMPYEMA) 




Diagram 1. Algorithm for management of empyema 
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Current approaches favor early active intervention by thoracoscopy rather 
than the alternative of prolonged hospitalization or extended outpatient intra- 
venous antibiotic therapy. However, this strategy may result in many unneces- 
sary interventions for the gain of shorter hospitalization times. The algorithm in 
Diagram i is applicable. 
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WojCIECH J. Gorecki 



The management of a child with a surgical infection does not differ from that of 
an adult. What makes the philosophy of source control in pediatric surgery con- 
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siderably different is the approach to the newborn, in particular the premature 
infant. 

Although there is a different spectrum of diseases presenting in childhood, the 
principles of treatment of conditions itemized in the second column of Table i 
remain the same. It must be emphasized that in infants, intussusception is the 
most common abdominal emergency. Early intussusception, without bowel 
necrosis, should be reduced conservatively with pneumatic [i] or hydrostatic 
pressure [2]. The resulting transitory bacteremia [3] represents contamination 
rather than infection [4] and can be treated with a short course of antibiotics, or 
no antibiotics at all. 

In a child with a nontraumatic acute abdomen, appendicitis should be consi- 
dered the responsible diagnosis until proven otherwise. In children, a nonopera- 
tive approach with prolonged antibiotics may be effective in the treatment of 
postappendectomy, intraperitoneal abscesses [5, 6]. This approach, however, 
is based on retrospective analyses, and may include sterile collections found on 
ultrasound or CT that require no therapy [7]. Acute cholecystitis is rare in child- 
ren [8]. 

There are a number of soft tissue infections in pediatric patients that are not 
discussed in this chapter. Some are unique to the newborn (e.g., omphalitis, neo- 
natal mastitis), but again are treated with a nonspecific approach. One of the 
most common in children - submental suppurative adenitis - may by mimicked 
by inflammation of congenital cysts of the neck; the former requires incision and 
drainage, whereas the latter can be excised electively, after inflammation subsi- 
des. 

The immunological immaturity of the newborn is described in detail, with- 
out however, clear therapeutic suggestions. Management is controversial. Some 
authors recommend supplementation of immunoglobulins in neonatal infections 
[9, 10], and a prospective, placebo-controlled trial demonstrated a reduction in 
postoperative respiratory and urinary infections with intravenous immunoglo- 
bulin administration [11] . On the other hand, on the basis of evidence of the be- 
nefit of breast-feeding in preventing NEC, oral administration of an IgA-IgG pre- 
paration was shown to prevent the development of NEC in premature newborns 
[12]. The description of a different pattern of SIRS in neonates is of great impor- 
tance, but may have other causes than attenuation of the cytokine cascade, as ele- 
vated serum interleukin-6 levels are also observed in fetuses with fetal inflam- 
matory response syndrome [13]. 

NEC represents the main challenge in newborn source control and the basic 
difference between adult and pediatric surgery. Aspects of surgical management 
of NEC listed by Dr. Pitcher remain controversial, however, sound surgical common 
sense favors resection of necrotic bowel with primary anastomosis [14, 15] • It does 
not appear that the outcome is influenced by the presence of the ileocecal valve 
[14, 16]. Ideally resection should be done before intestinal perforation occurs [17]. 
While it is true that accurate markers for bowel necrosis have not yet been clearly 
established, the following criteria have been suggested: positive paracentesis, 
radiological signs of portal venous gas and fixed intestinal loop, erythema of the 
abdominal wall, palpable abdominal mass [17], and a scoring scale based on 
laboratory tests [18] or plasma IL-6 levels [19]. There is no doubt that intervention 
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is required in cases of intestinal perforation. It is very easy to put a drain through 
the abdominal wall at the bedside in the ICU, and it may stabilize a very sick baby 
before operation. However, I agree with Dr. Pitcher that drainage as the definitive 
treatment should be reserved for very low-birth-weight newborns [20-22] that, 
may require further surgery to survive [23]. 

Babies with potentially nonviable bowel left in situ treated as described by 
Dr. Pitcher - against all dogmas of surgical source control - require a prolonged 
ICU stay and are subjected to the iatrogenic ravages of a prolonged central 
venous line, TPN, ventilators, antibiotics, blood products, and opportunistic 
infections. Whether this is superior to early resection of gangrenous bowel is 
controversial. 
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Key Principles 

• The general principles of source control are applicable to the HIV/AIDS patient; 
however, a thorough understanding of the natural history and spectrum of HIV 
disease is essential.The pathology may or may not be related to HIV status. 

• Abdominal complaints are extremely common in the HIV population and clini- 
cal evaluation is often difficult. Serial clinical evaluation and frequent use of the 
CT scan are essential to prevent nontherapeutic interventions. 

• Early diagnosis and prompt intervention are essential for non-HIV-related 
surgical disorders such as acute appendicitis and cholecystitis. Surgical Inter- 
vention Is also essential for complications of opportunistic infections such as 
cytomegalovirus (CMV) perforation. The morbidity and mortality of surgical pro- 
cedures depends on the stage of the HIV disease and the nature of pathology. 

• Surgical interventions should not be denied to this population because of the 
risk of occupational transmission and the fear of high complication rates. Relief 
of symptoms and Improvement in quality of life are the chief considerations. 



General Approach 

Human immunodeficiency virus (HIV) infection and its inevitable consequence 
of acquired immunodeficiency syndrome (AIDS) is a major public health pro- 
blem worldwide that has affected the way surgery and medicine is practiced. As 
of the end of 2000, according to the Joint United Nations Program on HIV/ AIDS, 
there were 36.1 million people living with HIV/ AIDS, 95% of whom live in the 
developing world [1]. In the United States, according to the Center for Disease 
Control (CDC), there are an estimated 800,000-900,000 people living with HIV, 
with 40,000 new HIV infections occurring each year [1]. With the advances in 
medical treatment, people infected with HIV are living longer; thus it is likely that 
most of the surgeons, wherever they practice, will encounter and treat patients 
with HIV/AIDS. While the general principles of source control described in this 
book are relevant to the HIV patient, we will emphasize the interventions for 
infections that are unique to this population. It is important to understand the 
natural history and the disease spectrum, which ranges from asymptomatic HIV 
infection to advanced AIDS, with a variety of opportunistic infections that 
potentially afflict this population. 
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Natural History and Surveillance Case Definition of AIDS 

Acute infection with HIV leads to a self-limited, nonspecific illness consisting of 
fever, lymphadenopathy, pharyngitis, and arthralgias, after an incubation period 
of 6 days to 6 weeks. HIV has profound affinity for CD4'^ lymphocytes and cau- 
ses their gradual destruction. Depending on the CD4'*' count, HIV disease is ca- 
tegorized as early stage (CD4'*^ > 5oo/|il), mid stage (CD4'^ count 200-499/pl), ad- 
vanced stage (CD4'^ 50-200/pl) and terminal (CD4^ <5o/pl). The median time 
from acute infection to the development of AIDS is 8-10 years [2]. Since the in- 
troduction of effective antiretroviral therapy and prophylaxis against opportu- 
nistic infections, the morbidity and mortality has decreased. A thorough under- 
standing of the stage of HIV disease is essential, as it has important implications 
for diagnosis, work-up, treatment, and prognosis. In 1993, the CDC modified the 
case definition of AIDS. Recurrent pneumonias, pulmonary tuberculosis, and in- 
vasive cervical cancer were added to the previous list of AIDS-defining illnesses. 
In addition, CD4‘^ cell count was included in the case definition. A CD4'*^ count of 
less than 20o/|il now is defined as AIDS irrespective of the presence of symptoms 
or other illnesses [3]. Table 1 shows the AIDS indicator conditions and Table 2 
shows the revised classification system for HIV infection based on CD4'^ cell 
count. 



Table 1. AIDS indicator conditions in the 1993 AIDS surveillance case definition [3] 

Candidiasis of bronchi, trachea and lung 
Candidiasis, esophageal 
Cervical cancer, invasive 

Coccidioidomycosis, disseminated or extrapulmonary 

Cryptococcosis, extrapulmonary 

Cryptosporidiosis, chronic intestinal 

Cytomegalovirus disease other than liver, spleen, and nodes 

Cytomegalovirus retinitis 

Encephalopathy, HIV-related 

Herpes simplex, chronic ulcers, bronchitis, pneumonitis, or esophagitis 
Histoplasmosis, disseminated or extrapulmonary 
Isosporiasis, chronic intestinal 
Kaposi’s sarcoma 

Lymphoma, Burkitt’s or equivalent term 
Lymphoma, immunoblastic 
Lymphoma, primary, of brain 

Mycobacterium avium complex (MAC), disseminated or extrapulmonary 

Mycobacterium tuberculosis, any site 

Pneumocystis carinii pneumonia 

Progressive multifocal leukoencephalopathy 

Salmonella septicemia, recurrent 

Toxoplasmosis of brain 

Wasting syndrome due to AIDS 
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Table 2. 1993 Revised classification system for HIV infection for adolescents and adults (from [3]) 



CD4+ T-Cell 
categories 


(A) Asymptomatic 
acute (primary) HIV 
or persistent 
generalized 
lymphadenopathy 


(B) Symptomatic, 
not (A) or (C) 


(C) AIDS indicator 
conditions (Table 1) 


(1)>500 


A1 


B1 


Cl 


(2) 200-499 


A2 


B2 


C2 


(3) <200 


A3 


B3 


C3 



As of January 1, 1993, categories A3, B3, Cl, C2, C3 are reportable as AIDS. 



Intra-abdominal Complications 

Abdominal Pain 

Abdominal pain and nonspecific gastrointestinal complaints are common in pa- 
tients with HIV/AIDS. Clinical evaluation can be difficult. Many patients suffer 
from chronic abdominal symptoms and for the physician encountering the pa- 
tient for the first time, the baseline status for the patient may appear very abnor- 
mal. The list of differential diagnoses is larger in this population. The white blood 
cell count, which is a valuable marker of acute inflammation in an uninfected 
population, may be unreliable because of preexisting leukopenia. Patients often 
have coexisting infections of the central nervous system, which makes evaluation 
of the abdominal pain difficult. Antiviral medications frequently cause chronic 
abdominal symptoms. A thorough history, including the stage of the HIV disease, 
the presence of opportunistic infections, and the use of antiretroviral therapy, 
and a careful physical examination along with an erect chest X-ray and abdomi- 
nal X-rays and routine laboratory tests, including serum amylase and lipase, 
form the basis on which further management is planned. 

When the initial examination is inconclusive, serial examinations often yield 
valuable information. In the absence of clinical peritonitis, free intraperitoneal 
air and exsanguinating hemorrhage, a CT scan of the abdomen and pelvis is an 
indispensable investigation [4]. It often identifies nonsurgical pathology and 
avoids a nontherapeutic laparotomy. Table 3 summarizes causes of abdominal 
pain in HIV/AIDS. 



Acute Appendicitis 

AIDS does not render a patient immune to acute appendicitis, which in the ge- 
neral population is one of the common abdominal emergencies. The incidence 
of appendicitis in hospitalized HIV patients appears to be higher than in the 
general population (0.5% vs o.i-o.2%) [5]. The diagnosis is challenging: while 
some patients present with typical symptoms and localizing signs in the right 
lower quadrant, the presentation is often atypical. Diarrhea and vomiting are 
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Table 3. HIV-related and HIV-unrelated causes of abdominal pain according to the need for 
source control 



HIV-related conditions HIV-unrelated conditions 



Source control 


CMV perforation 


Appendicitis 


necessary 


CMV-related toxic 


Cholecystitis 




megacolon 

Acalculous cholecystitis 


Secondary peritonitis 




KS, lymphoma with 
perforation 


Intra-abdominal abscesses 




Splenic abscess 


Intestinal ischemia 
Trauma 


Nonsurgical 


Uncomplicated CMV 
infection 


Organomegaly 




MAC 


Constipation 




MTB 


Uncomplicated peptic ulcer disease 




Pancreatitis, infectious 


Uncomplicated pelvic inflammatory 




(CMV, MAC), drug-induced 
(pentamidine, dideoxyinosine, 
Trimethoprim- 
sulphamethaxazole) 


disease 



KS, Kaposi’s sarcoma; MAQ Mycobacterium avium complex; MTB, Mycobacterium tuberculosis. 



seen more frequently, while fever and leukocytosis are not very reliable. CT scan 
is the diagnostic imaging study of choice when the clinical presentation is atypi- 
cal [6]. Diagnostic laparoscopy may facilitate an early and more accurate diag- 
nosis. 

CMV infection and Kaposi’s sarcoma of the base of the appendix have been 
reported to cause appendicitis [6, 7]. CMV infection can cause vasculitis with 
occlusion of the appendicular artery, leading to ischemia and perforation. The 
operative and postoperative management is similar to the non-HIV population. 
The high morbidity and mortality seen in early series by LaRaja et al. [8] and 
Burack et al. [9] likely reflects the late clinical presentation. In a recent review of 
55 patients, Flum et al. [10] reported 100% 30-day survival. Prolonged postopera- 
tive fever was the most frequent complication in this study. Thus, a high index of 
suspicion and early clinical evaluation along with appropriate use of CT scan and 
diagnostic laparoscopy should lead to early diagnosis and a better postoperative 
outcome. 



Cytomegalovirus 

While 80% of adults over the age of 35 years show evidence of infection with 
CMV, it is of clinical consequence only in the immunosuppressed patient. In the 
AIDS patient, CMV is found in every organ system in the body, is the most com- 
mon opportunistic infection of the GI tract, and often involves the colon - cau- 
sing fever, diarrhea, and abdominal pain [4]. CMV infects endothelial cells. 
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leading to thrombosis of the submucosal blood vessels and resulting in mucosal 
ischemia, ulceration, hemorrhage, perforation, and toxic megacolon. Diagnosis 
is established by colonoscopy and biopsy, which shows characteristic intranuclear 
inclusion bodies. CT scan findings of thickening of the bowel wall and mural ul- 
ceration are nonspecific [ii]. Once the diagnosis is established, treatment with 
ganciclovir or foscarnet is started. It is very important to keep these patients un- 
der close observation while they are on medical therapy, to identify the develop- 
ment of complications. Despite aggressive medical management, some patients 
develop perforation, toxic megacolon, and hemorrhage - complications that re- 
quire urgent surgical intervention. The perforations related to CMV appear punc- 
tate when viewed from the serosal surface [4]. Resection of the involved segment 
of bowel and formation of a colostomy or ileostomy is the treatment of choice. 
Primary anastomosis is to be avoided. These patients are prone to perforations 
of other parts of the bowel due to diffuse CMV enteritis, and fecal diversion 
might decrease the risk of perforation in the defunctioned bowel. When opera- 
ting for toxic megacolon, a subtotal colectomy and ileostomy is the treatment of 
choice. The results of surgical therapy were disappointing in early series with 
mortality rate of 71% [12]. However, in a series of 28 patients undergoing emer- 
gency laparotomy for toxic megacolon, small-bowel obstruction, perforated vis- 
cus, and appendicitis, Davidson et al. showed a mortality rate of 11% [13]. 



Acute Cholecystitis 

Right upper quadrant abdominal pain associated with fever, nausea, and vomit- 
ing is a common complaint in patients with HIV/AIDS. While the cause of this 
pain may be due to hepatomegaly associated with granulomatous infiltration or 
colitis, biliary pathology needs to be investigated. Gallstones are present in 27%- 
70% of patients with HIV/AIDS undergoing cholecystectomy [14]. Patients with 
HIV/AIDS have a high incidence acalculous cholecystitis in comparison with the 
general population. CMV and Cryptosporidium are the most common oppor- 
tunistic microorganisms isolated [4]. In HIV/AIDS, overwhelming growth of 
pathogens seems to be the cause of inflammation and functional obstruction, 
rather than hypotension, ischemia, and sepsis, the typical causes of acalculous 
cholecystitis in non-HIV critically ill patients. 

Ultrasound is the initial imaging study of choice. The presence of gallstones, 
the diameter of the common bile duct, gallbladder wall thickness, and the pre- 
sence of pericholecystic fluid and intramural air can all be demonstrated. CT 
scans and HIDA scans are useful when the sonogram is inconclusive. As the 
pathogenesis of acalculous cholecystitis may not involve cystic duct obstruction, 
a HIDA scan may demonstrate gallbladder filling. 

Once the diagnosis is established, depending on the overall condition of the 
patient, surgical intervention is recommended. Laparoscopic cholecystectomy 
can be safely performed, as experimental observations have not substantiated 
concerns regarding aerosolization of HIV in the laparoscopy gas [15]. To prevent 
blood spray during the retrieval of the gallbladder, pneumoperitoneum must be 
evacuated first. Routine use of specimen bags is recommended to prevent the 
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accidental spillage of infected contents. A high mortality rate (33%) was observed 
in early series [8]. More recent results, however, have demonstrated a mortality 
of 7%-9% [14]. The relatively high mortality rates reflect the fact that acalculous 
cholecystitis occurs in the more advanced stage of AIDS. 



AIDS Cholangiopathy 

Opportunistic pathogens cause a spectrum of extrahepatic biliary pathology in 
patients with AIDS [16], characterized by marked elevation of the alkaline phos- 
phatase with mild elevation of bilirubin and transaminases. Cryptosporidium, 
CMV, Microsporidia, and Mycobacterium avium complex (MAC) are the most 
common pathogens identified [17]. Cello described four types of cholangiopathy 
in HIV patients, based on endoscopic retrograde cholangiopancreatogram 
(ERCP) findings [16]; these are shown in Table 4. 



Table 4. AIDS-related cholangiopathy [16] 



Papillary stenosis 


CBD>8 mm 




Contrast material empties in > 30 min 
Sphincter of Oddi pressure > 40 mmHg 
2-4 mm tapering of the distal CBD 


Sclerosing cholangitis 


Focal strictures of intra- and extrahepatic bile ducts 


Papillary stenosis and 
sclerosing cholangitis 


Features of papillary stenosis and sclerosing cholangitis. 


Extrahepatic bile duct 


1-2 cm extrahepatic bile duct stricture 


strictures 


No prior CBD disease 
Normal pancreatic duct 



Antimicrobial therapy is ineffective in the management of AIDS cholangiopathy. 
In the presence of papillary stenosis, sphincterotomy offers pain relief but will 
not alter the progression of the disease. As cholangiopathy occurs during the ad- 
vanced stage of HIV disease, survival beyond 1 year is unusual. 



Splenic Abscess 

Splenic abscess is more common in patients with HIV/AIDS [18]. Metastatic 
spread from other infections, secondary infection of an infarct, and contiguous 
spread from an adjacent organ are the usual mechanisms of its development. CT 
scan or ultrasound establishes the diagnosis. In the absence of loculations, per- 
cutaneous CT-guided drainage of splenic abscess has a success rate of 65%-75% 
[18]. Splenectomy is the definitive treatment when radiological features do not 
favor percutaneous drainage or when radiological intervention has failed. 
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Perianal Sepsis 

Anorectal problems are common in the HIV/ AIDS population, especially in 
those who practice anal-receptive intercourse [12]. Fifty to 85% of all operations 
performed on HIV-positive patients involve the anorectum [19]. While being sus- 
ceptible to anorectal problems found in the general population, HIV/AIDS pa- 
tients are prone to a variety of opportunistic infections such as CMV and herpes, 
and to benign and malignant neoplasms of the perianal area [20]. Careful 
inspection of the perianal area, gentle digital rectal examination and a proctos- 
copic visualization will identify the perianal condition. Examination under 
anesthesia is an essential part of evaluation before definitive surgical therapy. As 
in the non-HIV population, perianal sepsis in this population could result from 
cryptoglandular disease, but it may also be associated with HIV- related anorec- 
tal ulcers or result from secondary infection of anal proliferative lesions. The ab- 
scesses associated with HIV-related anorectal ulcers tend to be very deep - trans- 
gressing the sphincter planes - with variable destruction of the sphincter 
mechanism [19]. Surgical intervention is usually necessary: abscesses should be 
liberally drained and specimens should be obtained for acid fast staining and cul- 
ture. Biopsy is done if underlying malignancy is suspected. The principles of 
treatment are similar to the management of perianal sepsis in Crohn’s disease. 
Damage to the sphincters is avoided and noncutting setons and drains are used 
liberally. Delayed wound healing was a major concern in early reports, but recent 
reports suggest results that are more favorable [12, 20, 21]. Of the factors related 
to HIV disease, a CD4‘^ cell count of less than 50/pl was identified as a predictor 
of delayed wound healing [21]. 



Skin and Soft Tissue Infections 

Injectable drugs are one of the major risk factors for HIV/AIDS and these pati- 
ents are prone to soft tissue infections at the injection sites. They are also prone 
to a variety of dermatological conditions with secondary pyogenic infections. 
While clinical evaluation may suffice to differentiate simple cellulitis from an un- 
derlying abscess, the best diagnostic test is exploration in the operating room. 
Plain X-rays may detect gas in the soft tissues and occasionally advanced ima- 
ging with CT scan or MRI may be of value when a deep intramuscular abscess is 
suspected. At the time of debridement, all necrotic tissue should be excised. 
When suppurative thrombophlebitis is suspected and pus expressed from the 
puncture site, excision of that segment of the vein should be performed. 



Thoracic Empyema 

Pulmonary complications are a major cause of morbidity in patients with 
HIV/AIDS. In a review of 1097 HIV patients, pleural effusion was found in 14.7% 
[22]. Pleural effusions may develop in response to intra-abdominal or pulmonary 
disease. Thoracentesis helps to identify the nature of the effusion (exudate vs 
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transudate) and to diagnose empyema. CT scan of the chest is particularly use- 
ful in identifying loculated collections [23]. As in non-HIV patients, the method 
of source control depends on the stage of empyema. Thoracentesis is rarely ef- 
fective in draining all the fluid, even in the early exudative phase, and tube thor- 
acostomy is needed. If a chest tube fails to evacuate the fluid in 3-5 days or when 
the patient is first seen during the organized phase of empyema, thoracoscopy 
should be performed early before the development of a thick pleural peel. If ade- 
quate decortication cannot be achieved by video-assisted thoracoscopy, conver- 
sion to thoracotomy is essential [23]. All fibrinous membranes and necrotic 
debris must be removed to allow the lung to expand. Rib resection and open 
drainage may be needed when patients present late or for the management of 
residual disease following other forms of source control. 



The Risk of Occupational Exposure 

While surgeons have always been exposed to the risk of such blood-borne infec- 
tions as hepatitis B and hepatitis C, the inevitably fatal consequences of HIV in- 
fection have increased their awareness of this ubiquitous risk. The prevalence of 
HIV infection in healthcare workers is not higher than in the general population 
and only 5% of healthcare workers have no identifiable risk factors. Surgical per- 
sonnel have a low prevalence of occupational infection despite the frequency 
with which they are exposed to blood and other body fluids. To date, there has 
been no documented case of occupational HIV transmission to a surgeon in the 
United States [24]. The risk of seroconversion after a needle-stick injury is esti- 
mated at 0.3% and all documented cases have followed hollow needle injuries; 
none have been documented from solid suture needles [25]. This low risk likely 
reflects the low dose of the inoculum and the fact that the glove material wipes 
the needle. Strict adherence to universal precautions and effective operative tech- 
nique, for example, avoidance of hand-to-hand passing of sharp instruments, 
would decrease the risk of injury to the operating team. 

Controversies 

Patients with complications of CMV infection who require emergency interven- 
tion have a high morbidity and mortality. If patients can be operated on at a 
relatively early stage before the development of catastrophic complications, a 
more favorable outcome may be possible. Soderlund et al. [26] advocate early 
operation for the localized form of CMV colitis refractory to medical therapy, be- 
fore the development of complications. They have operated on eight patients with 
CMV colitis limited to the right side of the colon. Four patients underwent ileo- 
cecal resections, while the remaining four had a formal right hemicolectomy. 
Primary anastomosis was performed in all patients. There were two deaths, both 
unrelated to surgery. Complete or partial palliation was achieved in the remai- 
ning patients for a mean of 14 months. Further studies need to be done to vali- 
date the utility of early intervention in these patients. 
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Table 5. Clinical staging of HIV disease and surgical mortality [28] 


Stage of HIV disease 


CDC class 
(1993) 


CD4 count 
(cells/mm^) 


Estimated surgical 
mortality (30 days) 


Early 


A 


>500 


0%-3% 


Middle 


B 


200-499 


3%-5% 


Advanced (terminal) 


C 


<200(<50) 


l%-23% 



Perioperative risk assessment for HIV/AIDS patients has been a complex and 
controversial issue. While early studies [9] showed high morbidity and mortality, 
more recent studies contradict these conclusions [27]. The factors that increa- 
se morbidity and mortality in this population include the stage of HIV disease, 
the presence of opportunistic infection, a serum albumin concentration of less 
than 2.5 g/dl, and Ae presence of concurrent organ failure [28]. In addition, the 
presence of AIDS-related pathology as the cause of emergency abdominal sur- 
gery increases morbidity and mortality by three- to fourfold. However, it is im- 
portant to note that for two-thirds of HIV/AIDS patients undergoing emergency 
laparotomy, the problem is not AIDS-related [28]. Table 5 shows surgical morta- 
lity according to the stage. 



Critical Factors and Decision Making 



Patients with HIV/ AIDS are susceptible to surgical conditions that may or may 
not be related to their underlying HIV infection. Clinical evaluation is often dif- 




Diagram 1 . Algorithm for the approach to abdominal pain in AIDS patients 
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ficult and imaging studies are used more frequently. When interventions are ap- 
propriately performed, complication rates are similar to those reported for other 
immunosuppressed and malnourished patients. While the risk of occupational 
transmission is present, strict adherence to universal precautions and appro- 
priate modifications of surgical practice minimizes the risk. As patients with HIV 
live longer because of advances in medical management, it is likely that many of 
them will need surgical treatment for unrelated pathology in the years to come. 
Surgeons must be aware of the natural history and the unique challenges in the 
management HIV-infected patient. 
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Invited Commentary 

Marc Wallack, John Degliuomini 



The human immunodeficiency virus (HIV) has significantly impacted on the 
practice of surgery. The morbidity and mortality associated with infection has 
been reduced, paralleling advances made with the development of new anti- 
retroviral agents. Despite these advances surgeons will still encounter patients 
with various presentations. Infection with HIV, the development of AIDS and 
subsequent opportunistic infections, and a variety of tumors (such as lymphoma, 
and Kaposi’s sarcoma, for example) has made evaluating the patient with 
HIV/ AIDS ever more challenging. 

Gastrointestinal complaints are a frequent patient complaint. In the absence 
of clinical peritonitis, differentiating the acute abdomen from chronic sympto- 
matology often causes the surgeon to rely on multiple ancillary studies (such as 
CT scans and radioactive tagged cell scans) as adjuncts to clinical evaluation. 

Although the incidence of appendicitis may be slightly higher in the hospita- 
lized HIV/ AIDS patient, clinical management has not significantly changed. CT 
scanning has been reported to have a 93%-98% accuracy rate for diagnosing or 
excluding appendicitis [1], and provides a noninvasive alternative to diagnostic 
laparoscopy in the diagnosis of appendicitis. Late presentations of appendicitis, 
including perforation, phlegmon, and abscess, are not uncommon. In addition to 
advanced immunodeficiency and a late presentation, poor nutritional status, 
weight loss, and low serum albumin contribute significantly to mortality and 
morbidity in patients with HIV/AIDS undergoing emergency surgery [2]. 

CMV colitis is a commonly recognized cause of abdominal pain in the patient 
with HIV/AIDS. Although the presentation can vary depending on the severity of 
the colitis, once the diagnosis is established, close observation is essential because 
complications such as bleeding and perforation are common. Limited resection 
and the prudent use of fecal diversion remain the mainstay of surgical treatment. 
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The introduction of protease inhibitors has significantly and positively changed 
the outcome of AIDS-associated CMV colitis [3]. 

Acute cholecystitis is one of the more common indications for abdominal sur- 
gery in patients with AIDS. Ultrasound examination remains the initial study of 
choice. However, given the incidence of acalculous disease [4] in the patient with 
AIDS and cholecystitis, HIDA and CT scans can be an invaluable tool in confirming 
the diagnosis. Once the decision for surgical intervention has been made, the 
approach (either laparoscopic or open) should be individualized to the patient’s 
condition. Laparoscopic cholecystectomy is generally accepted as safe to perform 
in the patient with AIDS and acute cholecystitis, provided one uses standard pre- 
cautions. 

Opportunistic infections of the biliary tract in immunocompromised patients 
were first described in the early 1980s [5]. Initial reported cases involved CMV 
and Cryptosporidium infections. Subsequent reports documented intra- and ex- 
trahepatic biliary obstruction with concurrent infection of the biliary tree with 
microsporidia, Isospora and Mycobacterium avium-intr acellular e. The diagnos- 
tic features of this entity include abdominal pain, cholestasis without jaundice, 
and an abnormal ultrasound exam. Medical treatment has not been shown to be 
effective and for most patients, cholangitis has been shown to progress despite 
antimicrobial therapy. ERCP is considered the gold standard for diagnostic and 
therapeutic interventions. Long-term outcome studies show that following ERCP 
sphincterotomy, pain scores decreased significantly, but serum alkaline phospha- 
tase levels remain unchanged [6]. Cholangiopathy is a manifestation of late- 
stage AIDS and is associated with poor long-term survival. 

The development of splenic abscess in the patient with HIV/AIDS may mani- 
fest as fever and left upper quadrant pain. CT scan of the abdomen is the diag- 
nostic modality of choice. Depending on the physical characteristics, the abscess 
may be amenable to percutaneous drainage; splenectomy is reserved for failure 
of radiological drainage. 

Anorectal pathology in the anal-receptive patient with HIV/AIDS can vary. 
Although patients are prone to disorders encountered in an uninfected popula- 
tion, many present with herpetic or papillomatous lesions of the anus. Perianal 
sepsis can result in destruction of the sphincter mechanism. It is generally 
agreed that the approach to such patients should involve a careful examination - 
under anesthesia if necessary - and adherence to the same principles of mana- 
gement of perianal sepsis that are used in Crohn’s disease. However, some 
authors advocate an aggressive approach to anorectal disease in the immuno- 
compromised patient, claiming that high rates of healing and low complication 
rates can be obtained that are similar to those associated with treatment of the 
same disease process in the general public [7]. 

The management of skin and soft tissue infections in the HIV/ AIDS patient 
may be complicated by the presence of deep intramuscular abscesses. The best 
diagnostic test is operative exploration in the operating room. 

Pleural effusions are common in patients with HIV/AIDS, the most common 
cause being bacterial pneumonia [8]. The approach to thoracic empyema should 
be that employed in the non-HIV patient, with source control dependent on the 
stage. Thoracotomy and decortication are best reserved for late-stage presentation. 
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Although surgeons have always been at risk for exposure to blood-borne pa- 
thogens, HIV infection and its sequelae have brought about increased awareness 
within the profession. The fact that the risk of transmission through solid need- 
les is lower maybe a result of a smaller inoculum. Strict adherence to proper tech- 
nique in handling sharp instruments and adherence to universal precautions 
cannot be overly stressed. 

Like any other patient with medical comorbidities presenting for surgery, the 
patient with advanced HIV/AIDS presents with other factors that contribute sig- 
nificantly to morbidity and mortality. The stage of HIV disease is an important 
prognostic factor in patients with surgical pathology. Studies have shown poor 
hospital outcomes in HIV/AIDS patients with a low CD4^ count [9, 10]. Moreover, 
malnutrition, as evidenced by hypoalbuminemia, has long been recognized as a 
universal risk factor for increased morbidity in patients undergoing surgery, 
regardless of HIV status. Organ system dysfunction and the presence of oppor- 
tunistic infection also place the patient at increased risk. 

As medical advances in the treatment of HIV infection progress and patients 
live longer, surgeons will be faced with an aging population of immunosuppres- 
sed patients, some with pathology unique to HIV/ AIDS and some with patholo- 
gy common to the general population. The unique challenges of treating HIV/ 
AIDS patients must be learned by surgeons and the appropriate therapeutic ap- 
proaches adopted. 
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Key Principles 

• The initial treatment of intra-abdominal infection typically consists of an operative 
intervention plus administration of appropriate antimicrobial chemotherapy. 
Following these initial therapeutic interventions, It is important to determine 
the adequacy of source control In order make reasonable decisions about the 
duration of antimicrobial chemotherapy and/or the need for additional inter- 
ventional radiographic or surgical procedures. Unfortunately, there is no single 
test that can provide the clinician with a clear answer to the question: Has 
adequate source control been achieved? 



Physical Examination 

Physical examination findings (e.g., abdominal tenderness or muscular rigidity) 
that are useful in the initial evaluation of patients with suspected intra-abdominal 
infection are much less useful in the postoperative period after laparotomy. Extra- 
incisional pain and guarding is hard to distinguish from the pain associated with 
an abdominal incision. Furthermore, patients (particularly ones who are very 
sick) are often heavily medicated with analgesics, sedatives, and even anesthetics 
such as propofol. Accordingly, the clinical assessment of the postoperative patient 
to determine adequacy of source control depends on a combination of softer 
clinical findings, nonspecific laboratory tests, and imaging procedures. 



Fever 

The most obvious clinical finding that suggests that source control has been in- 
adequate is the presence of persistent or recurrent fever. Elevation of core body 
temperature, of course, is a very nonspecific finding that is caused by the action 
of certain cytokines (particularly, IL-i, TNF, and IL-6) within the hypothalamus 
[1-3]. Thus, fever is a sign of inflammation, not infection per se. Although lacking 
diagnostic specificity, measurements of body temperature remain an invaluable 
component of clinical monitoring. 

The value of fever as a sign of persistent intra-abdominal infection after 
operation (i.e., inadequate source control) was emphasized in a classic report by 
Lennard et al. from the University of Washington [4]. These investigators pro- 
spectively evaluated 65 patients with intra-abdominal sepsis, who underwent an 
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operative procedure and were treated with a reasonable combination of antibio- 
tics (gentamicin plus clindamycin or gentamicin plus choramphenicol). Of these 
patients, 51 were afebrile at the end of a io-14-day course of antibiotics, whereas 14 
had persistent fever. Among the afebrile subset, evidence of inadequate source 
control was diagnosed in seven patients (13.7%) and additional operative inter- 
vention was undertaken in six. Among the patients who were still febrile at the end 
of a defined course of antibiotic therapy, 11 (79 %) had postoperative infections; 
eight of these infections were focused in the abdomen. These data clearly support 
the view that persistent or recurrent temperature elevation after an operation for 
intra-abdominal infection should raise suspicion of inadequate source control. 

In another classic study, Le Gall et al. prospectively evaluated 100 ICU patients 
with a temperature greater than 39°C between the third and tenth days after 
laparotomy [5]. Among these patients, 66 had intra-abdominal sepsis; these 
patients constituted Group I. The remaining 34 patients constituted Group II. In 
nine of the patients in Group II, no source of infection within the abdomen could 
be identified either by surgical exploration or autopsy. The remaining 25 patients 
recovered completely without reoperation or radiological intervention and were 
therefore classified as not having intra-abdominal sepsis. Among the patients in 
Group II, 23 had an extra-abdominal focus of infection, whereas no infectious 
cause of fever was diagnosed in 11. The most common extra-abdominal sites of 
infection were surgical wounds, intravenous catheters, and the lungs. Prompted 
by their data, Le Gall and coworkers recommended that when evaluating ICU 
patients with a high fever after laparotomy, clinicians should attempt to exclude 
catheter-related sepsis, wound infection, and pneumonia. Negative findings 
should suggest a high likelihood of intra-abdominal sepsis, and should prompt 
further efforts to confirm and localize the source of infection. 



Leukocytosis 

Leukocytosis is the other "classic” sign of persistent intra-abdominal infection. 
In the previously cited study by Le Gall et al. of ICU patients with postoperative 
fever [5], the most significant parameter predicting intra-abdominal sepsis was 
the absence of bacteremia. The second most significant predictor of intra- 
abdominal sepsis (among patients with fever) was a white blood cell count greater 
than 12,000 pl'\ Lennard et al. reviewed outcomes for 31 patients who were afebrile 
after operation and a course of antimicrobial chemotherapy for intra-abdominal 
infection [6]. These authors reported that recurrent or persistent intra-abdominal 
infection was diagnosed in 13 (68%) of 19 patients with a white blood cell count 
greater than 10,000 \xl'\ Thus, persistent leukocytosis should prompt efforts to 
confirm or exclude the presence of ongoing intra-abdominal infection. 



Acute-Phase Proteins 

Fever is a nonspecific finding indicative of inflammation rather than infection. 
Leukocytosis, a response to various stress-related and acute-phase hormones 
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and cytokines including cortisol, epinephrine, granulocyte colony stimulating 
factor, tumor necrosis factor, and interleukin-i, is similarly nonspecific. Accor- 
dingly, investigators have long sought a blood test that could be used to distin- 
guish patients with infection from those without infection. Two tests, namely 
those for circulating levels of C-reactive protein (CRP) and procalcitonin (PCT), 
have undergone extensive evaluation in this regard. 

CRP is an acute-phase protein synthesized by the liver. In a study of 108 patients 
undergoing clean-contaminated or dirty surgical abdominal surgical procedures. 
Mustard et al. measured circulating levels of CRP on a daily basis for 14 days to 
assess whether this test could be used to predict the occurrence of septic com- 
plications [7]. These authors determined that CRP testing has modest clinical 
utility as a way to discriminate patients with ongoing infection from those with- 
out infection. Another study, which evaluated only patients requiring care in a 
surgical ICU, also found that CRP testing (using an appropriate cutoff value) had 
good sensitivity (85 %) for detecting infection, but lacked specificity [8]. Yet an- 
other study determined that measurement of CRP (using a cutoff value of 100 
ng/ml) lacked sufficient sensitivity (74%) and specificity (74%) to be useful for 
discriminating infection from the systemic inflammatory response syndrome 
(SIRS) [9]. 

Currently, there is a great deal of interest, particularly in Europe, regarding the 
use of PCT as a diagnostic marker of infection. Like CRP, PCT, a 13-kDa propeptide 
of calcitonin, is an acute-phase protein. Although contrary findings have been re- 
ported [9-11], a number of studies that have evaluated the diagnostic utility of 
PCT measurements have concluded that serum PCT levels greater than 2 ng/ml 
are a reliable indicator of infection [12-15]. Some studies have concluded that CRP 
is a more reliable indicator of infection than PCT [11], and some have come to the 
opposite conclusion [10, 15]. There are insufficient data in the published literature 
to warrant making strong statements regarding the usefulness of either CRP or 
PCT measurements for assessing the adequacy of source control after operation 
for intra-abdominal infection. 



Imaging 

A variety of imaging approaches have been employed to confirm the diagnosis 
of intra-abdominal infection after initial laparotomy. These approaches include 
scintigraphy using leukocytes labeled with "Tndium [16], scintigraphy using 
^^Gallium citrate [17], and abdominal ultrasound [17]. Nevertheless, the imaging 
procedure of choice remains computed tomography (CT) - although ultrasono- 
graphy is useful in selected cases, largely because the imaging equipment can be 
moved to the patient instead of vice versa. CT imaging is not limited by overlying 
bowel gas as is ultrasound. Proper enteral and intravenous contrast administra- 
tion and scanning protocols must be followed to permit differentiating fluid- 
filled loops of bowel from abnormal fluid collections. 

In one recent study of patients with suspected intra-abdominal sepsis after 
major trauma, the sensitivity and specificity of abdominal CT for diagnosing an 
intra-abdominal focus of infection was 97.5% and 61.5%, respectively [18]. CT 
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(and to a lesser degree, ultrasonography) is so valuable that reoperation should 
rarely be undertaken unless guided by findings obtained using one or both of 
these imaging methods [19, 20]. In general, positive findings obtained by CT are 
much more likely to modify the therapeutic plan than are negative findings [21]. 
CT is particularly valuable because the anatomical information provided often 
permits interventional radiological methods to be used to drain suspicious fluid 
collections, thereby avoiding the need to subject the patient to reoperation [22]. 

Scintigraphic imaging approaches should be used rarely, being reserved for 
those cases when CT is negative yet there remains a very strong clinical suspicion 
of an intra-abdominal abscess. Although more expensive, imaging using with 
^“Indium-labeled white blood cells is preferable to scintigraphy using ^^Gallium 
citrate, since the latter approach requires a minimum of 24 b before diagnostic 
information is available. 
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Invited Commentary 

Robert A. Mustard Jr. 



Dr. Fink has provided a succinct and up to date review of the clinical and radio- 
logic assessment of source control for intra-abdominal infections. There are really 
two clinical problems being addressed here. First, is the source of the infection 
(e.g.jhole in bowel) controlled (closed, exteriorized, etc.)? Second, is the bacterial 
infection controlled? 

Generally speaking, the first question usually arises when the patient is “not 
doing well” (a concept Dr. Fink makes explicit in this chapter) in the first 5-10 
days after surgery. Failure of source control in this sense is usually straightfor- 
ward to diagnose with modern radiologic investigations. This first aspect of 
source control is only a problem when it is overlooked as a cause of “not doing 
well.” A patient I recently cared for in the ICU illustrates this point. An 86-year- 
old lady had undergone total hysterectomy and bilateral salpingo-oophorectomy 
for carcinoma of the ovary. In the 5 days following her surgery, she developed acute 
renal failure and then respiratory failure necessitating admission to the ICU. 
Numerous consultants had seen the patient on the floor, but no consideration had 
been given to a diagnosis of intra-abdominal sepsis because the patient was 
afebrile, had a normal white blood cell count, and did not have peritonitis on 
physical examination. Her first investigation on admission to the ICU was an ab- 
dominal CT scan, which showed gross free fluid in the peritoneal cavity which, 
when aspirated, was bile-stained. Laparotomy revealed a perforated duodenal ulcer. 
She subsequently recovered from her organ failure. 

The second question is more difficult to answer and is reviewed by Dr. Fink in 
considerable detail. He considers the clinical approach to the diagnosis of intra- 
abdominal sepsis based on physical examination, fever, and leukocytosis. He 
points out the difficulties with interpretation of these findings especially in the 
ICU patient. He also discusses the search for a serum marker for infection [1]. Un- 
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fortunately, differentiation of infection from sterile inflammation is unlikely to 
be possible using host derived products (except for certain antibodies). Of more 
interest is the future use of polymerase chain reaction technology to look for 
minute quantities of bacterial products in blood or other fluids [i]. 

The best diagnostic tool in intra-abdominal sepsis is the third-generation CT 
scanner. Not only can the scanner detect “leaks,” it can also demonstrate rather 
subtle amounts of edema resulting from inflammation or infection. Modern CT 
scanning now claims an accuracy rate of 98 % for the diagnosis of acute appen- 
dicitis [2]. 
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Editorial Comment 

Persistence or recurrence of fever and/or leukocytosis after an operation to con- 
trol the source of infection suggests the persistence or recurrence of infection at 
the site of the operation. Such findings are not an indication to continue antibiotics 
or change them for “more powerful” agents - for there is no evidence whatsoever 
to support the notion that doing so would do anything good. In fact, we suspect 
that antibiotics masked the clinical picture in the patient described by Dr. 
Mustard. Clearly, open wounds, drain tracts, granulation tissue, absorbing 
hematomas, and necrotic tissues can generate local inflammation and SIRS, and 
produce signs of inflammation which is usually self-limited. Moreovery the longer 
one is from the index operation the higher the probability that the inflammation! 
infection is remote from the operative site. 

We agree thus with Drs. Fink and commentator Mustard that one has to “suspect, 
examine, and image.” But even third-generation CT scanners, which “demon- 
strate rather subtle amounts of edema resulting from inflammation or infection,” 
are nonspecific during the first few days after the operation when fluid and in- 
flammatory changes are usually present. 

Dr. Fink’s concept of the postoperative patient who is “not doing well” should 
be deeply entrenched within the surgical psyche of all surgeons. But human nature 
is such that surgeons tend to be blind to their own mistakes: those who use CT 
indiscriminately before the operation fail to do so after the operation, or obtain 
it too late. Who is not familiar with the following scenario? 
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An elderly patient undergoes extended colectomy for cancer of the rectum. 
Elevated temperature and white cell counts on postoperative day 3 are blamed 
on “atelectasis.” Abdominal distension and persistent signs of inflammation 2 
days later are explained by “ileus” and “pneumonia.” Antibiotics are changed. 
On postoperative day 7 the patient is still on the ventilator; “Shouldn’t we ob- 
tain a gastrografin enema?” asks the resident, and “Is his anastomosis OK?” 
“Wait!” responds the surgeon, “He was dirty, a big operation, enough reasons 
for a big time ileus....” 

Renal dysfunction develops. On postoperative day 8, the ICU doctor sug- 
gests a CT. The surgeon shrugs his shoulders, “Be my guest.” And to his resi- 
dent, “Gee, those ICU docs would scan everybody....” 

CT is booked during the afternoon, but the patient does not “tolerate” the 
oral contrast and the waiting list is long. Eventually it is performed (by CT 
technicians) at 4 A.M. and reported at 11 A.M. on postoperative day 9: “Large 
amount of free fluid and gas throughout the entire abdomen, thickening and 
edema of tissue planes (operative site?), metal clips (surgical staples?). Small 
bowel distended and edematous (ischemia? ileus?).” 

The ICU resident gets hold of the surgeon who operates at another hospital 
and agrees that a diagnostic paracentesis is indicated. It reveals bile-stained 
fecal material. Laparotomy performed at 1 A.M. on postoperative day 10 (sche- 
duled as number 5 “emergency”) reveals a large anastomotic leak and diffuse 
fecal peritonitis. The patient dies 25 days later. 



The above scenario is only too common in the real world, and underlines the im- 
portance of the concept of the patient “who is not doing well.” 

Realistic and self-critical surgeons often ask themselves at the end of the 
operation: “Am I happy? Am I happy with the source control? With the anasto- 
mosis? With the ‘toilet’?” At that stage they may decide on a planned reoperation 
in 48 h or insert in a mental note that “if the patient is not progressing well I’ll 
reexplore him in 2 or 3 days.” Selected empirical reexploration during the first few 
preoperative days, at a time when the intra-abdominal events are a mystery, may 
save those few patients that we lose today - despite our ICUs and third-generation 
scanners (see Chaps. 4, 9, 30, 35, 42). 
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Key Principles 

• Complications resulting from inadequate source control result in a systemic 
inflammatory response; this response can be detected through changes in 
circulating levels of a variety of inflammatory mediators, including cytokines 
such as procalcitonin (PCT) and interleukin 6 (IL-6). 

• Systemic inflammation is also manifest in changes in cellular expression of sur- 
face molecules such as HLA-DR and the receptor for TNF, and in the ability to 
generate cytokines in response to microbial stimulation. 

• Immunologic monitoring of the high risk patient holds the promise of earlier 
detection of correctable complications, and so may lead to improved clinical 
outcomes. 



Introduction 

An infection is associated primarily with local inflammation through which the 
body tries to eliminate microbes with its cellular and soluble defense mecha- 
nisms. When local infection is not controlled adequately by either host defenses 
or the surgeon, a systemic reaction occurs which leads to the development of sep- 
sis. The ACCP/SCCM consensus conference [i] deflned sepsis as the systemic in- 
flammatory response (SIRS) to infection. 

The SIRS concept developed by Bone [2] is still controversial [3] and very 
nonspeciflc, but there is no better deflnition of systemic inflammation. The con- 
sequences of trauma and infection are conceptualized to clarify the complex in- 
teractions leading to SIRS and multiple organ failure (MOF). Stimuli such as 
trauma, operation, or infection evoke a systemic response involving activation of 
the neuroendocrine, immune, complement, kinin, and clotting systems. The ac- 
tivation of circulating monocytes, granulocytes, and lymphocytes, and of endo- 
thelial and epithelial cells leads to mediator release and functional changes. A 
variety of parameters are altered in the course of infection (Fig. 1). They include 
cytokines mainly secreted from monocytes (IL-i, IL-6, IL-8, IL-10, IL-18, and 
TNF-a) [4-7], functional changes of granulocytes (chemotaxis, phagocytosis, 
oxygen radical formation) [8], release of histamine from mast cells [9], the ex- 
pression of NO and adhesion molecules on endothelial cells [10], and the release 
of clotting factors, complement factors, adhesion molecules, and procalcitonin 
(PCT) from epithelial cells [10-13]. These changes produce biological effects such 
as fever, metabolic disturbances, formation of microthrombi, disseminated in- 
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travascular clotting, vessel dilation, and capillary leak. The biological effects lead 
in severe cases to classical clinical effects that are routinely monitored by clinicians 
in the course of infection, including decreased cardiac output, hypotension, 
hypovolemia, interstitial edema, and multiple organ dysfunction. 

Therapeutic decisions maybe supported by monitoring the inflammatory status 
of the patients. Common laboratory parameters such as leukocyte counts and the 
C-reactive protein are too nonspecific to discriminate between bacterial and 
nonbacterial infection, and they manifest late, when clinical signs are already 
evident [7, 13]. 



Parameters for Monitoring the Immune Response 

Biochemical factors may allow a more precise description of the inflammatory 
state in the individual patient. Choosing the optimal indicator substance or panel 
of factors is not easy since there are many candidates (Table 1). Potential markers 
include cytokines, hormones, soluble and cell-bound receptors, components of 
the clotting system, and assays of cellular function. The results reported in the 
literature are not always consistent, but the predictive capacity for the develop- 
ment of sepsis may be the best for serum IL-6 [4, 5, 7, 14, 15] and procalcitonin 
(PCT) [13, 16]. SIRS generally correlates with an increase in levels of PCT to more 
than 3 ng/ml, and of IL-6 to more than 98 pg/ml, while sepsis results in a level of 
more than 16 ng/ml for PCT, and 380 pg/ml for IL-6 [7]. In prolonged sepsis, 
monocyte secretion of TNF-a and HLA-DR antigen presenting capacity are 
severely depressed, while the production of anti-inflammatory factors like IL-10 
and IL-ira is unaffected. This immunological state has been defined as immune 
paralysis [17, 18]. Early detection of immune paralysis may give the clinician the 
opportunity to stimulate the immune system with factors like INF-y [18] or G- 
CSF [19]. 



Systemic or Local Measurement 

The easiest approach to measure cytokines is to use peripheral venous blood. 
Analyses are performed using commercially available immunological assays 
such as ELISA, RIA; often the assays are automated (e.g., Immulite, DPC-Bier- 
mann). 

Whole blood [20] or isolated cells (monocytes, granulocytes) can be also 
stimulated ex vivo with bacterial toxins (LPS, Staphylococcus aureus enterotoxin 
B, lipoteichoic acid) [21, 22] to measure the capacity to release cytokines. The 
measurement of cell-associated cytokines, either bound to the cell surface or 
internalized with the receptor, is another approach to measure cytokines [23]. 
Furthermore, determination of intracellular cytokines by flow cytometry permits 
differentiation of the cell types where the cytokines were produced or bound. 
Cytokines can be determined in other body fluids. Cytokine levels in the peri- 
toneal fluid of peritonitis patients have been analyzed by several groups [24-26]. 
However, a clear advantage of measuring local, rather than circulating cytokine 
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Table 1. Normal range of immune parameters 


Parameter 


Normal range 
(serum/plasma) 


Source and literature 


IL-ip 


50-500 pg/ml 


R&D Systems, US 


IL-6 


< 14 pg/ml 

< 12 pg/ml 


PC Biermann, Germany, [46] 


IL-8 


< 62 pg/ml 

< 70 pg/ml 


PC Biermann, Germany, [46] 


IL-8 (cell bound) 


65-210 pg/ml 


[23] 


IL-10 


< 5 pg/ml 


BioSource, US, [21] 


IL-18 


36-260 pg/ml 


MBL, Japan 


TNF-a 


0.5-2 pg/ml 
< 8 pg/ml 


R&D Systems, US 
PC Biermann, Germany 


TNF-a release 


265^1,000 pg/ml 
839± 119 pg/ml 


DPC Biermann, Germany, [21] 


G-CSF 


< 40 pg/ml 


R8cD Systems, US 


PCT 


< 0.5 ng/ml 


Brahms, Germany, [7] 


sCD 14 


1. 4-4.5 ng/ml 


IBL, Germany, [46] 


sICAM-1 


230-410 ng/ml 


R&D Systems, US, [10,47,48] 


LBP 

(LPS binding protein) 


1.8-17 pg/ml 


ELISA with antibody 1E8, 2B5 [49, 50] 


aPC (activated protein C) 


>80 % normal 


Chromogenic assay 
Diagnostica Stago, France, [51] 


HLA-DR 


18,000-55,000 

receptors/cell 


Becton Dickenson 


Phagocytosis of PMN 


90%-99% positive 


Orpegen Phagotest, Germany 


Phagocytosis of monocytes 


65 %-99 % positive 


Orpegen Phagotest, Germany 



levels has not been demonstrated. Cytokines can also be measured in broncho- 
alveolar fluid. Some factors may be elevated locally that are not changed in the 
blood [27]. 

Clinical Factors That Can Alter the Inflammatory Response 

Major operations are associated with an increase in circulating TNF-a and IL-6 
1 day after operation, with a decrease to normal levels 1 day later in the absence 
of infection. In most cases PCT does not increase after operation [12], but seems 
to be more specific for the detection of infections [28]. Anemia induces decreased 
proinflammatory cytokine production that is further enhanced by blood trans- 
fusion [29], resulting in an impaired response to microbes [30]. Malnutrition is 
also associated with significant immunosuppression characterized by atrophy of 
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lymphoid organs, impaired cellular immunity, and increased risk for viral and 
opportunistic infections [31]. Hyper- and hypoglycemia are associated with in- 
hibition of IL-i biosynthesis and release from macrophages [32]. The kidney 
plays a role in the metabolism and clearance of cytokines, and cytokines such as 
TNF-a, IL-i, and IL-6 are elevated in uremic patients [33]. During renal replace- 
ment therapy, including hemodialysis or hemofiltration, cytokine production 
may be increased if a bio-incompatible membrane such as cellulose is used; but 
clearance may also be supported by binding of cytokines to the membrane (bio- 
compatible; e.g., polyacrilonitrile) [30,34]. 

Cytokine expression and release is also altered by pharmacological inter- 
ventions [35]. Catecholamines promote the secretion of anti-inflammatory cyto- 
kines and suppress the release of proinflammatory cytokines [36]. Antimicrobials 
have multiple effects on cytokine production, either as a result of the release of 
endotoxin from Gram-negative bacteria or through direct activity on cytokine 
expression. In most cases, levels of proinflammatory mediators are increased by 
the use of antibiotics [35], whereas glucocorticoids and pentoxifylline reduce the 
formation and release of proinflammatory cytokines into the blood [37, 38]. In 
addition, analgesics, narcotics, histamine antagonists, anticoagulants, calcium 
channel blockers and a variety of other drugs may influence the cytokine levels 
detectable in the blood. For more details see the review of AlKharfy et al. [35]. 
Other factors that modulate cytokine expression include well known risk factors 
for an adverse outcome in surgery like high age and trauma, as well as gender and 
genetic predisposition [39, 40]. These complex interactions should be kept in 
mind when cytokine data are interpreted. 



Immune Monitoring of Two Patients With and 

Without Complications After Resection for Colorectal Cancer: 

An Example from a Prospective, Randomized Trial 

In a randomized, clinical trial patients with colorectal cancer and increased 
perioperative risk (ASA 3 and 4) were treated with G-CSF to improve the outcome 
after surgery [41, 42]. Part of the new three component outcome model used for 
this trial is immunologic monitoring. The new outcome model, as developed for 
laparoscopic surgery [43], includes classical, mechanistic endpoints of survival, 
recovery index (McPeek index), complications, guidelines, and immune status. 
However, hermeneutic endpoints of the patient, including quality of life, expec- 
tations, negative effect, social stigma, and coping, are assessed by psychometric 
quantitative tests. Those reported and evaluated by the patient are used to judge 
clinical relevance by formal qualitative methods. 

Two patients from this ongoing randomized trial with and without post- 
operative complication were selected (Table 2) to demonstrate immunological 
changes observed during the postoperative course. It is probable that both patients 
were in the treatment group (G-CSF prophylaxis), since they showed leukocytosis 
with 15 G /1 and increased G-CSF levels with more than 3,000 pg/ml (ELISA, R&D 
Systems) in the plasma on day 1 after operation. However, the blinding of the trial 
has not yet been opened. No differences were detectable between the two patients 
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in the 6-month follow-up after clinical discharge with regard to the McPeek 
recovery index and the global quality of life. 

Patient i, a typical patient without complications (Table 2) had only a transient 
postoperative increase in IL-6 and PCT due to the operative trauma (Fig. 1). Para- 
meters had normalized at day 3. Except for IL-18, all parameters (TNF-a release 
after whole blood stimulation with LPS, HLA-DR expression on monocytes and 
phagocytosis of E. coli by PMNs) were in the normal range during the whole 
observation period of 6 days. 




Fig. 1. Immunological parameters of two patients from a randomized clinical trial with G-CSF 
prophylaxis to improve the postoperative outcome from patients with colorectal cancer and in- 
creased perioperative risk (ASA 3 and 4). Patient 1 had no complication and Patient 2 local peri- 
tonitis. Normal values are shown in gray. At day 0 are baseline values before operation. The other 
time points are days after operation. Patient characteristics are shown in Table 2 
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Table 2. Randomized clinical trial with G-CSF prophylaxis 




Patient 1 


Patient 2 



General data 



Age, sex 


90, male 


77, Male 


Tumor 


Rectal cancer 


Sigmoid cancer 


Grading 


pT3,pNl,M0 


pT3,pN0, MO 


ASA 


4 


3 


Course of the operation 


Operation 


Hartmann procedure 


Sigmoid resection 


Operation time 


233 min 


160 min 


Blood loss 


200 ml 


1200 ml 


Body temperature 


36.0°-34.9°C 


36.3''-34.8°C 


Follow-up 


Survival (6 months) 


Yes 


Yes 


Hospital stay 


13 days 


20 days 


TISS-28 


40 points 


50 points 


Complications 


None 


Bleeding, 


McPeek index 


4 Index points 


local peritonitis at day 7 
4 Index points 



Patient 2 had a blood loss of 1,200 ml during an operation for colon cancer, but 
did not receive blood products. The patient developed local peritonitis on day 7, 
and an anastomotic le^ was closed by performing a new anastomosis. The patient 
was discharged at day 20 in good health. 

By immune monitoring, the evolving problem of anastomotic leakage was 
detectable before clinical signs (fever and hypertension) were evident. At day 3 
PCT and IL-6 levels were still elevated (Fig. 1). IL-6 peaked at day 6 with more 
than loopg/ml. The capacity to release TNF-a and the number of HLA-DR 
receptors on the monocytes declined below normal levels. The PMN phagocytosis 
rate was suppressed during the whole observation period. The cytokine data of 
these two patients correlate with the leukocyte counts: in Patient 2 the leukocyte 
count was normalized at day 4 to 5 G /1 while in Patient 1 the leukocyte count was 
still elevated (day 4 with 14 G /1 and day 6 with 12 G/ 1 ). 



Consequences for Trial Trials and Clinical Practice 

Immunologic monitoring of patients may help in guiding therapy to improve 
clinical outcomes. However, the model presented here is investigational, and still 
under evaluation in clinical and animal trials. In trials, immune status monitoring 
helps to explain results and should be included in the outcome concept. This was 
accomplished in the ”three component outcome concept” outlined. Cytokines in 
this outcome concept will also help to analyze the influence of immune status on 
the social-psychological status of the patient. There is a close interaction as ex- 
perienced in several empirical studies in humans [44] and animals [45]. 

In the future, the immune status may be used to define patient populations 
who might benefit from immune modulating drugs. This strategy was used with 
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success to define patients with immunosuppression by HLA-DR determination, 
to include them in a clinical trial with IFN-y [i8]. A similar hypothesis is being 
tested in the prospective, ongoing trial of G-CSF [41, 42]. 

Recommendations to measure one specific factor in clinical routine can not be 
given. In general for immunomonitoring a single factor is not as useful as a com- 
bination of factors. Determinations should be performed daily or at relatively 
frequent intervals of 2 or 3 days. IL-6 and PCX have been the most extensively 
studied circulating markers in peripheral blood. An increase above normal 
values (Table 1) indicates the appearance of a problem associated with SIRS and 
infection. A further increase should notify the clinician that the problem has not 
yet been solved (for instance adequate source control has not been obtained), and 
that there is an increased risk of developing an adverse clinical state such as 
severe sepsis or septic shock. IL-6 and PCX are useful for monitoring the beginning 
and the progression of the hyperinflammatory state. The late phases of sepsis 
accompanied with immunosuppression are better detected by the capacity to ex- 
press and release cytokines like XNF-a after ex vivo stimulation of whole blood, 
or by the number of FILA-DR found on monocytes. The latter is not as easy to 
measure since a flow cytometer is needed for the commercially available assay 
(Orpengen, Germany). 

Conclusion 

It is still unclear by which factors, at which location, and at which time points the 
immune status of the patient is best monitored. These factors must be evaluated 
further, but there are several promising candidates to help define patients who 
are at risk and may benefit from immediate treatment (surgical and medical). 
Immune monitoring may be particularly beneficial for postoperative patient 
management. Immune status has a substantial influence on neuroendocrine 
function, and so may influence the quality of life of patients. 
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Invited Commentary 

Eugen Faist, Christian Schinkel 



A variety of procedures are available to assess the immunological status of criti- 
cally ill patients. Some parameters such as white cell counts or C reactive protein 
are well-established components of routine clinical monitoring. Others such as 
cellular receptor expression, genetic polymorphisms, or a variety of soluble se- 
rum factors are recent innovations, and have led to a bewildering profusion of 
potential diagnostic tools. Moreover, established anatomical and physiological 
scores often do not provide adequate information to monitor the therapy of the 
individual patient. 



Cells and Cell Function 

White blood cell counts and differential cell counts are routine investigations in 
clinical practice. Both leukocytosis and leukopenia are common in critically ill 
patients and the parameter is one of the four criteria of the systemic inflamma- 
tory response syndrome (SIRS) [1]. 

A variety of in vitro tests of cell function have been described. Impairment of 
the ability of lymphocytes to proliferate in response to mitogenic or antigenic 
stimulation correlates with an increased risk of infectious complications and a 
poor clinical outcome. The assay is time-consuming and laborious to perform 
and so has not been evaluated in large patient cohorts, nor adopted into clinical 
practice. The phagocytic capacity of monocytes or neutrophils can be evaluated 
by flow cytometry. Phagocytosis is suppressed in sepsis and the degree of sup- 
pression correlates with adverse outcome [2]. 
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The ability of the neutrophil to respond to stimulation with respiratory burst 
activity and production of oxygen intermediates is also impaired in sepsis, 
although spontaneous respiratory burst activity is enhanced. Neither of these 
assays of phagocytic cell function is in general clinical use [3, 4]. 

Immune status in vivo is readily evaluated using delayed hypersensitivity skin 
testing to common recall antigens. Anergy to recall challenge is associated with 
an increased susceptibility to infection and with a higher rate of morbidity and 
mortality after trauma [5]. 

Diminished expression of MHC class II antigens such as HLA-DR has been 
documented following surgical or accidental trauma and reduced expression 
predicts an increased risk of infectious complications. Impaired expression of 
HLA-DR indicates inadequate monocyte function, likely because of reduced 
stimulation by interferon gamma. A pilot study showed that interferon gamma 
treatment of septic patients whose monocytes demonstrated depressed HLA-DR 
expression resulted in restoration of monocyte function and HLA-DR expression 
[ 6 ]. 

Finally, changes in lymphocyte subpopulations are evident in critical illness. 
On the basis of studies in the mouse, T helper lymphocytes are subdivided into 
Thi and Th2 populations. Thi lymphocytes release interleukin-2 and interferon 
gamma, and support cell-mediated immune responses, whereas Th2 lympho- 
cytes produce interleukin-4 and interleukin-10 and support humoral immune 
responses. The Thi response is downregulated following major surgery, and the 
Thi/Th2 ratio in patients with sepsis is significantly reduced in comparison to 
healthy controls [7]. 



Humoral Markers 

Protein mediators known as cytokines play critical roles in immune homeosta- 
sis, metabolism, wound healing, and organ inunction. Many of these have been im- 
plicated in the pathogenesis of the septic sequel of infection, thus establishing 
them as potential markers of the host inflammatory response. 

Tumor necrosis factor alpha (TNF) levels are increased in the serum of patients 
following trauma or sepsis and levels correlate with prognosis. The half-life of 
TNF is relatively short and so serum levels may be unreliable [8]. Interleukin-6 
is a very sensitive marker of immune system activation, correlating with the 
severity of both trauma and sepsis. It appears to be more sensitive than C-re- 
active protein (CRP); however, it is not specific for an infectious etiology [9]. 

Acute phase proteins such as CRP are known to remain elevated throughout 
the course of sepsis. Expression occurs in response to both infection and mecha- 
nical trauma; however, levels do not discriminate survivors from nonsurvivors 
[10]. 

Neopterin is a product of activated monocytes and macrophages released in 
response to interferon gamma. Serum or urine levels of neopterin correlate with 
mortality and the development of organ failure following mechanical or thermal 
trauma, or in sepsis. It appears to be a reliable marker for risk stratification in 
surgical patients [11]. 
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Procalcitonin levels are increased in the plasma of patients with bacterial or 
parasitic infections, sepsis, and organ failure. Several reports have indicated that 
elevated procalcitonin levels can reliably identify patients with infection and dif- 
ferentiate them from patients with inflammation from noninfectious causes. In 
patients with septic shock, procalcitonin levels are higher in nonsurvivors than 
in survivors [12]. 



Conclusions 

There have been a large number of publications relating a wide variety of puta- 
tive biomarkers to adverse outcome in critical illness. However, none has shown 
clear utility in guiding therapy in patients with complex infections. The most 
promising markers appear to be procalcitonin, neopterin, interleukin- 6 , and 
monocyte expression of HLA-DR; however, clinical judgment must still take pre- 
cedence over biochemical monitoring in making management decisions. 
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Key Principles 

• Control of surgical infection at the first intervention is optimal. 

• The need for relaparotomy significantly worsens outcome. 

• Planned reexploration of all surgical patients with signs and symptoms of in- 
fection will result in a small number of lives saved but at the cost of significant 
harm to others. Clear indications for planned relaparotomy do not exist. 

• Reexploration based on localized radiological or physical findings may be 
beneficial; directed percutaneous therapy may also be beneficial. 

• Undirected relaparotomy for MODS alone without supporting clinical or radio- 
logical data results in a 50%-90% rate of negative explorations without clear 
evidence of benefit. Supportive clinical data include prolonged ileus and pain, 
wound infection, and positive peritoneal signs. A computed tomographic scan 
is the most important radiological tool in the decision-making process for re- 
laparotomy. 



General Approach 

The basic principles in the management of peritonitis - early operation, elimi- 
nation of the focus, and lavage of the peritoneal cavity - have been practiced for 
more than a century [i]. Over the last 30 years, more aggressive approaches to the 
control of abdominal sepsis have been proposed, including continuous postope- 
rative lavage, staged abdominal repair, open abdomen, and scheduled reoperation 
(Etappenlavage). These techniques are discussed elsewhere in this book (Chaps. 
5> 7) 9) 10, 12, 30, 35, 39, 42). Conceptually they aim to provide better drainage or 
cleansing of the peritoneal cavity, earlier detection of possible anastomotic leaks, 
improved perfusion of the abdominal organs, and improved pulmonary func- 
tion. However, their merits are still debated and the role of a more conservative 
approach to the treatment of peritonitis, with reoperation as indicated, has been 
reexamined (on-demand relaparotomy). 

Patients who require relaparotomy have a higher morbidity and mortality 
than patients who are cured after a single operation. In one large international 
prospective study, patients who did not require a relaparotomy had a 27% mor- 
tality compared to 42% for patients with at least one additional reoperation [2]. 
Patients undergoing one additional relaparotomy had a mortality of 43 %> with a 
mortality of 40 %, 30 %, 40 %, and 57 % for two, three, four and five reoperations, 
respectively [2]. 
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Fig. 1. Mortality after relaparotomy. (Modified from [3]) 

The prognosis of patients with peritonitis is influenced by the health status of the 
patient at the time of presentation and by additional concomitant risk factors. Pre- 
operative scoring models such as the APACHE score, the Goris score, and the Mann- 
heim peritonitis index have all been advocated as methods to predict the need for 
reoperation, quantify disease severity, or aid in comparing outcomes for patients 
with peritonitis [3, 4]. Koperna and Schulz reported that patients requiring reope- 
ration were sicker as measured by either APACHE II or the Goris score, more likely 
to be malnourished (albumin < 30 g/ 1 ), older than 70 years of age, and more likely to 
have diffuse peritonitis (49.5 % vs 25.6 %) when compared with patients who did not 
require a second operation [3]. The mortality for patients having a second operation 
was 51 % vs 4.3 %, when the initial operation successfully controlled the infection. In 
this study, the lowest mortality for patients requiring relaparotomy was seen in 
patients who underwent relaparotomy on demand within 48 h of the initial opera- 
tion (see Fig. 1). These patients, however, had a lower APACHE II score (17.6 ±8) 
which, more than the treatment decision, may have accounted for the improved cli- 
nical outcome. This study also demonstrated the relatively small impact of aggres- 
sive, but unsuccessful surgical treatment on outcome. The most important determi- 
nant of outcome was a timely index operation with adequate initial source control. 

Increased mortality with the on-demand relaparotomy has generally been 
reported when reoperation is delayed. In the Koperna paper, the mortality of on- 
demand laparotomy was not different from that of planned relaparotomy (50.6 % 
vs 54.5%) [3]- 



Clinical Decision Making 

There is no standard definition of persistent abdominal sepsis that has been applied 
across all studies. The concept of persistent abdominal sepsis includes both the 
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macroscopic description of an ongoing inflammatory process and the microbio- 
logical detection of organisms. Potential indications for reoperation include 
clinical deterioration, the development of multiple organ dysfunction syndrome 
(MODS), failure to improve, radiological evidence of secondary foci, or the 
suspicion of uncontrolled source in the abdomen. One small retrospective study 
demonstrated the utility of diagnostic paracentesis, using a positive abdominal 
fluid aspirate and clinical signs as the indication for operation [5]. The aspirate 
was considered positive if the fluid was dark, bloody, cloudy, or malodorous. A 
positive aspirate correlated with intra-abdominal findings, but not necessarily an 
improved outcome. However, the study was quite small. Certainly paracentesis 
can add additional information and with the aid of bedside ultrasonography can 
be easily performed. 

Diagram 1 depicts a strategy for relaparotomy on demand within 48 h of the 
initial surgery, or before MODS has been established and is irreversible. When the 
initial surgical procedure is considered successful, this decision can be difficult. For 
patients who do not require ICU care following the initial surgery, use of a scoring 
system may be helpful. For those who do require intensive care, the only clear-cut 
indication for relaparotomy is the development or worsening of MODS [6, 7] (see 
Fig. 2). However, undirected relaparotomy for MODS alone without supporting cli- 
nical or radiological data results in a negative exploration rate of 50 %-go %. Pro- 
longed ileus and pain, wound infection, and of course, the most important, positive 
peritoneal signs increase the probability of a positive laparotomy. A computed 
tomographic (CT) scan is the most important radiological tool in making the de- 
cision for relaparotomy. In a recent report of CT scans in critically ill patients with 
signs and symptoms of sepsis, 7 of 45 examinations demonstrated an intra-abdo- 
minal focus of infection, some of which could be managed percutaneously and 
others of which (perforation and gangrenous colitis) required operation [5]. 




Fig. 2. Outcome of operation by operation class. Operation class: diagnostic, performed to in- 
vestigate clinical deterioration; second look, planned at previous operation; treatment, to treat 
a defined surgical condition (drain an identified abscess). (Modified from [7]) 
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Controversies and Changing Practices 

Seiler and colleagues [6] have advocated early operation with initial source con- 
trol and extensive intraoperative lavage (20-60 1) and suggest that initial surgical 
source control with either resection, repair or decompression of the source is 
possible in 80 %-90 % of patients. Using this strategy, successful resolution with- 
out further operation would be expected in more than 90 % of patients [6]. When 
initial source control is performed, reoperation has been required in about 10 % 
of patients, with patients having an abscess, breakdown of an anastomosis, evis- 
ceration, or hematoma formation. However, when initial source control is not 
possible (10 %-i5 %) and alternative treatment is employed, these same compli- 
cations occur with increased frequency (-30 %). 

Additional interventions such as continuous postoperative lavage or open 
packing and scheduled relaparotomy are aimed at the prevention of recurrent in- 
fection or secondary foci of infection or necrosis. These aggressive approaches 
can be associated with considerable treatment-related morbidity and mortality 
because of secondary complications such as perforation and fistula formation. 
Hau et al. reported a case-control study of patients who underwent planned 
laparotomy (PR) vs those who had on-demand relaparotomy (RD) [8]. These au- 
thors found no significant difference in mortality (PD 21% vs RD 13%). MODS 
was more frequent in patients with a PR (50%) when compared with RD (24%, 
P = 0.01), as were infectious complications (68 % vs 39 %, P = 0.01). More frequent 




Diagram 1. Treatment algorithm 
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suture leaks, recurrent intra-abdominal sepsis, and septicemia were all more 
common in the planned relaparotomy group. These authors suggested that planned 
relaparotomy for secondary peritonitis should be used with caution until pro- 
spective trials have been performed [8)]. 

It may be unnecessary to reoperate if initial source control is adequate, reserving 
second operations for clear-cut clinical or radiographic indications; these decisions 
should be made early, when MODS is developing or worsening. An on-demand 
approach will reduce the procedure-related morbidity of planned relaparotomy. 
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Invited Commentary 

Thomas Sautner 



Although there is broad agreement on the optimal surgical therapy of peritonitis, 
the concept of intervention to avert imminent failure of this therapy is much less 
clear. Dr. Lipsett clearly points out that patients successfully managed with a 
single operation fare better than those who need multiple operations. Fortunately 
a patient’s intra-abdominal infection may be resolved at the first attempt in the 
majority of cases If, however, the source cannot be controlled early, a scheduled 
reoperation is indispensable. 

The management of patients at risk for failure of initial therapy, and the pre- 
vention or early diagnosis of such events is much less well defined. The need for 
reoperation has been shown to be associated with a number of factors [i]. The 
risk factors identified in this study (age > 70, diffuse peritonitis, serum albumin 
levels < 30 g/ 1 , preoperative APACHE II scores > 20, and existing organ failure 
measured by the Goris score) were, however, not subjected to a multivariate ana- 
lysis - correcting for the potential interactive effects of factors in one or the other 
group of patients. Although it seems reasonable that impaired immunocompe- 
tence or malnutrition may promote the failure of initial therapy, the data pre- 
sented in this paper do not provide a sufficiently strong argument to suggest that 
these factors are causative [1]. Yet these observations may help to identify a sub- 
set of patients in need of close attention following the first operation. 

Dr. Lipsett pleads for good surgical practice, to examine the patient closely, to 
consider the need for supportive measures and to employ radiological investiga- 
tions. This certainly is the approach of choice; however, clinical signs and radio- 
logical findings may be difficult to interpret or even misleading, even for surgeons 
who have considerable experience [2, 3]. Paracentesis may help to identify intra- 
abdominal infection by interpretation of the aspirate, but compartmentalized in- 
fection may be missed by this method. 

The consequences for the patient depend on the initial source and the extent 
of peritonitis [4]. Lesions of the upper GI tract and appendicitis seem to result in 
less morbidity for the patient than large-bowel perforations or postoperative 
peritonitis. From these observations it is clear that patients at a lower risk of per- 
sistent or recurrent infection should be treated with the on-demand approach 
suggested by Dr. Lipsett. For patients who are at high risk for ongoing infection, 
who have compromised perfusion of the bowel or intestinal edema, or in whom 
source control could only be established by intestinal closure with a risk of break- 
down, a different approach may be appropriate. 

The mortality of patients needing reoperation could be reduced by up to 43 % 
if the second operation took place within 48h [1]. This was true not only for on- 
demand relaparotomies but also for planned reexplorations, which made up 41 % 
of the population [1]. Upon reoperation all patients had persisting peritonitis, a 
finding that might have been missed without a scheduled reoperation. Consider- 
ing the risk involved in delaying a necessary reoperation and the increased mor- 
tality that has been found to be associated with delay [1], a more aggressive 
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approach of scheduled reexplorations within 48 b might be helpful. This decision 
should at least be considered whenever the initial surgeon is in doubt as to 
whether the first operation has definitively resolved the patient’s problem [5]. 

Pathophysiological considerations also influence the decisions for multiple 
operations in patients with intra-abdominal infections. On the one hand, the in- 
creased intra-abdominal pressure following surgery for peritonitis may lead to 
an abdominal compartment syndrome, and, in turn, to multiple organ failure [6]. 
Release of the abdominal tension and repeated reoperations with gradual reapproxi- 
mation of the abdominal wall can avoid the development of intra-abdominal 
hypertension [7]. On the other hand, an association between repeated operations 
and an aggravation of the inflammatory response has been established [8]. Clinical 
studies, however, have not provided convincing evidence of such a ’’second-hit” 
effect in peritonitis patients [9]. Finally, it is known that surgery exerts an 
immunosuppressive effect on the patient [10]. Therefore aggressive surgical 
management may also be harmful to normal host defenses. These partly contra- 
dictory considerations have to be further investigated. 

A case-control study by Hau and colleagues on behalf of the Surgical Infection 
Society Europe [11] provides the only level 3 evidence in comparing on-demand 
exploration with planned reoperation [12]. The data indicate no advantage for 
scheduled reoperation, while showing a higher rate of infectious and local com- 
plications in the planned relaparotomy group. However, it appears that sub- 
groups of patients who underwent only one scheduled reexploration, or were 
reoperated in a planned fashion at an experienced center, did as well, if not better, 
than on-demand patients. It may be that discordant results from less experienced 
centers contributed to the poor results of planned relaparotomy in this investi- 
gation [11]. 

There is no convincing evidence of the superiority of planned reoperation. 
Therefore close observation of the patient (until the need for reexploration emerges) 
is probably the best approach to the treatment of patients with intra-abdominal 
infection. Whether high-risk patients with certain conditions such as bowel edema, 
imminent intestinal ischemia, or the risk of anastomotic leaks will benefit from 
a scheduled second look operation within 48 b deserves to be studied further. 

The optimal treatment for patients at high risk of persistent peritonitis may 
only be identified by a prospective randomized trial. Such a study should com- 
pare the best available on-demand approach, supported by a well-defined algo- 
rithm defining why and when to reoperate, with a refined type of planned re- 
exploration, for example, staged abdominal repair [7]. Surgical societies devoted 
to the study of surgical infection should take the lead in promoting such a study. 
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Editorial Comment 

The need for reoperation, be it planned or on demand, identifies a patient at in- 
creased risk of morbidity and mortality. When therapeutic (i.e., when correctable 
pathology is encountered) such a procedure may be life-saving; when negative, 
however, it may kill the patient. The earlier the therapeutic relaparotomy is carried 
out, the better. The challenge is how to identify patients who would benefit. Dr. 
Lipsett advocates on-demand reoperation within 48 h but the question of on- 
demand for what clinical or radiological findings remains unanswered. Professor 
Sautner seems to accept cautiously the need for an early planned reoperation in 
selected patients. He identifies limitations in the study by Hau et al. [1] and hopes 
for a better prospective randomized study in the future to further enlighten us. 

Early reoperation is a double-edged sword; we still have to learn how to use 
only the edge facing the enemy - the uncontrolled source. 
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Key Principles 

• A planned relaparotomy may be life-saving when the source cannot be ade- 
quately controlled during the first or index operation. 

• The first week after the index operation - before the infective process has be- 
come localized and detectable by CT - offers a window of opportunity for plan- 
ned relaparotomies. 

• When the source is controlled and infection localized, a "directed" or "on- 
demand" approach is safer. 

• Laparostomy is indicated when the abdomen cannot be closed without crea- 
ting significant intra-abdominal hypertension. 

• Excessive or unnecessary relaparotomies may be harmful. 



Very little high-level evidence is available concerning the topics discussed in this 
chapter. The following discussion relies on nonrandomized, usually retrospec- 
tive, studies, and, in the absence of scientific evidence, we must use a rational 
individual approach and common sense, both of which will be emphasized. 



Definitions and Rationale 

Planned Relaparotomy 

The policy of planned relaparotomy is decided at the first, or index, operation for 
peritonitis, when the surgeon decides to reoperate within 1-3 days, irrespective of 
the patient’s immediate postoperative course. The decision to reexplore the ab- 
domen is thus part of the initial management plan. Historically, mesenteric ische- 
mia was the first circumstance for which a planned second look laparotomy was 
advocated. Penninckx et al. [1] were probably the first to report the use of planned 
relaparotomies in intra-abdominal infections. 

In intra-abdominal infection, the reason for a second look is to better control 
the source and to repeat the peritoneal toilet, in order to abort or diminish the 
magnitude of SIRS and multiple organ failure. 
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Relaparotomy on Demand 

The traditional approach to abdominal reexploration following an index operation 
for peritonitis has been a relaparotomy on demand: the surgeon decides to re- 
explore the abdomen based on clinical or radiological evidence of persistent or 
recurrent infection. 



Laparostomy 

The term ’’laparostomy,” which implies leaving the abdomen open, was coined by P. 
Fagniez of Paris (personal communication). Pujol was the first to suggest that the 
severely infected abdomen is best treated openly like an abscess cavity [2]. It has 
been recognized sporadically throughout the 20th century that peritonitis and its 
operative treatment often results in increased intra-abdominal pressure (lAP). How- 
ever, the benefits of the prevention or treatment of intra-abdominal hypertension 
by with laparostomy have only recently been established [3] . Laparostomy does not 
eliminate the need for abdominal reexplorations, but these are facilitated by leaving 
the abdomen open. Thus, in practice, laparostomy has become a corollary to plan- 
ned relaparotomy: if the abdomen is to be reevaluated 48 b later, why close it at all? 



General Approach: Planned Relaparotomy Indications 

The indications to embark on planned relaparotomies remain poorly defined 
and empiric. 

• In our experience the best and strongest indication for relaparotomy is failure 
to obtain adequate source control during the initial operation. A classic example 
is infected pancreatic necrosis after necrotizing pancreatitis. Another example 
is an intestinal leak, which cannot be safely repaired or exteriorized, a scenario 
commonly associated with post-operative peritonitis. 

• The necessity to redebride or drain poorly localized, stubborn infective pro- 
cesses, for example, diffuse retroperitoneal fasciitis due to retroperitoneal per- 
foration of the duodenum or colon. 

• Diffuse fecal peritonitis is a relative indication [4, 5], with the rationale that 
massive fecal contamination will require further procedures to achieve an ad- 
equate peritoneal toilet. 

• Instability of the patient during the initial operation occasionally mandates an 
abbreviated damage control-type procedure with an obligatory subsequent 
planned relaparotomy to finish the source control and peritoneal toilet. Ob- 
viously, when hemostatic packs must be left in situ, their removal necessitates 
a relaparotomy [6]. 

Wittmann, who combines an aggressive policy of planned relaparotomies with 
laparostomy - calling it staged abdominal repair (STAR) [7], contends that re- 
operations allow him to assess high-risk anastomoses that previously would have 
been managed by creation of a stoma. 
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The Conduct of a Relaparotomy 

The surgeon who plans to reenter an abdomen that has recently been operated 
on must be gentle! The bowel and peritoneal surfaces are edematous, friable, and 
vascular. Ideally, the surgeon who performed the index procedure should be the 
one to reoperate. The objective of relaparotomy is to drain all infected collections 
and control persistent sources of contamination. How thorough the exploration 
should be depends on the unique circumstances of the individual case. Sometimes 
several interloop abscesses must be drained and the whole bowel must be care- 
fully unraveled; in other cases, particularly in instances of frozen abdomen, it is 
sufficient to explore the spaces around the matted bowel (subphrenic spaces, 
paracolic gutters, pelvis). The decision on the extent of exploration is crucial be- 
cause the more widespread the exploration, the greater the danger it poses to ad- 
jacent structures. Consequently, the extent of exploration depends on whether 
the operation is directed or nondirected and on its timing. 



General Approach: Laparostomy 

Indications 

Laparostomy may be indicated when the abdomen either cannot be closed or 
should not be closed. 



Abdomen Which Cannot Be Closed 

• After major loss of abdominal wall tissue following trauma or debridement for 
necrotizing fasciitis 

• Extreme visceral or retroperitoneal swelling after major trauma, resuscitation, 
or major surgery (e.g., ruptured AAA) 

• Poor condition of fascia after multiple laparotomies 



Abdomen Which Should Not Be Closed 

• Decision to reexplore within a day or two 

• Closure possible only under extreme tension - compromising the fascia and 
creating intra-abdominal hypertension or abdominal compartment syndrome. 



Technical Considerations of Laparostomy 

The option of simply covering the exposed viscera with moist gauze packs has 
been practiced for generations but is not advised. The intestine, if not matted, can 
eviscerate; moreover, it requires intensive nursing care to keep the patient and his 
bed clean and dry. Most importantly, it risks creating spontaneous, exposed in- 
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testinal fistulas [8]. The exposed bowel, when dilated and friable, tends to tear if 
repeatedly injured during dressing changes and exposure. Temporary abdominal 
closing devices to cover the laparostomy wound are therefore highly recommended. 

The options for temporary abdominal closure are many and include the 
Bogota bag fashioned from a large IV fluid bag, a ready-to-use transparent bowel 
bag, a synthetic mesh (absorbable or nonabsorbable), or a Velcro-type sheath, as 
advocated by Wittmann [9]. A South American surgeon even uses discarded nylon 
hose for this purpose. Regardless of the method of closure, a few practical points 
merit emphasis: 

• Try to place the device over the omentum in order to protect the bowel. 

• Suture the device to the fascial edges. Large abdominal-wall defects can result 
because the midline-wound fascial edges tend to retract laterally (note that this 
is the reason why the abdominal defect resulting from a transverse lapa- 
rostomy is smaller). The larger the defect, the more problematic its eventual re- 
construction. 

• Using a permeable material (e.g., mesh) as opposed to a nonpermeable (e.g., 
Bogota bag) has the advantage of allowing the egress of infected intra-peritoneal 
fluids. 

• Try to adjust the tension of the closure to the intra-abdominal pressure. 

• If you plan a relaparotomy within 24-48 h, the type of device used is of little im- 
portance and can be replaced at the end of the next laparotomy. The selection 
of material at the last relaparotomy is crucial; we recommend an absorbable 
synthetic mesh as discussed below. 

• Abdominal reentry is simple: divide the closure material at its center; then, 
with your finger gently separate the omentum and viscera away from the over- 
lying device. At the end of the procedure resuture the devise with a running 
suture. Commercial zippers are available but of no additional benefit. 

Our choice is the so-called sandwich technique [10] in which absorbable perme- 
able synthetic mesh is sutured to the fascial edges. Two sump drains are placed 
at the edges of the abdominal defect and over the mesh, brought out through the 
skin, and connected to suction to collect the abdominal effluent. Sheaths of stoma- 
adhesive are placed on the healthy skin surrounding the defect; a large adhesive 
transparent sheath (Steridrape or Opsite) is placed on top to cover the entire ab- 
domen. Hence, the viscera are protected, the laparostomy output is measurable, 
the patient is clean and dry, and demands on nursing are minimized (Fig. 1). 



Terminating the Laparostomy 

How should the ensuing abdominal wall defect be managed when the need for 

laparostomy no longer exists? 

• If nonabsorbable material has been used, it must be removed. Retained Marlex 
mesh results in infected sinuses and even intestinal fistulae. 

• Occasionally, a small defect may be closed completely. In most patients re- 
covering from multiple relaparotomies and laparostomy, the defect is too large, 
however, to allow primary closure of the fascia. Hence, the safest option is to let 
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Fig. 1. The sandwich technique in the management of laparostomy 



the defect granulate under and over the absorbable mesh. A few weeks after the 
last laparotomy, when a healthy layer of granulation tissue has covered the now 
contracting defect and the patient’s recovery is well under way, try to mobilize 
the skin around the defect and to close it at the midline. Relaxing lateral skin 
incisions may help. If the defect is too large apply split thickness skin grafts on- 
to the granulation tissue in the bed of the defect. The resulting ventral hernia 
is usually wide-necked and well tolerated except for its cosmetic appearance. It 
can be repaired at a later stage. 

• Whatever you do with the abdominal-wall defect, remember that your patient 
has just recovered from the immense stress of peritonitis and multiple opera- 
tions. Definitive management can be postponed until convalescence has pro- 
gressed further. 

Results and Complications 

Since planned relaparotomies are usually combined with laparostomy, it is im- 
practical, if not impossible, to discuss the results of these modalities separately. 
Because of the complex nature of the patients, as well as these therapies, rando- 
mized controlled trials comparing relaparotomy with conventional surgical 
approaches are probably impossible to perform [ii]. The reported mortality for 
planned relaparotomies or open abdomen approaches has ranged from 30% 
(Table 1) up to 52% [12]. 
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Hau et al. [13] matched 38 patients undergoing planned relaparotomies by 
APACHE II score, age, site and cause of infection, and the ability to obtain source 
control with 38 patients undergoing on-demand relaparotomies. The mortality 
in the two groups was 21% and 13%, respectively (nonsignificant). Postoperative 
multiple organ failure was more frequent in the group of patients undergoing 
planned relaparotomies, compared with the group undergoing on-demand pro- 
cedures, as were infectious complications (68 % vs 39 %, respectively). Infectious 
complications resulted from suture leaks, recurrent intra-abdominal sepsis, and 
septicemia in the planned group. However, local differences in patient selection 
and/or local expertise make it difficult to reach definitive conclusions. Another 
prospective, consecutive, nonrandomized trial by the Surgical Infection Society 
(SIS) [14] showed no significant difference in mortality when patients treated 
with a closed-abdomen technique (31 % mortality) were compared with those 
treated with variations of the open-abdomen technique (44% mortality). The 
authors suggested, as others have done [15], that the outcome in peritonitis de- 
pends more on the severity of acute disease and degree of host response than on 
management strategies or recurrent peritoneal infection. 

The largest published clinical experience with planned relaparotomies is by 
Billing et al. from Munich [16], who treated 377 patients suffering from diffuse 
peritonitis. The mortality rate for their 152 patients treated with planned relapa- 
rotomies was 37.5 % as compared to 21 % for patients treated conventionally. The 
mortality for the two treatment modalities in patients in whom source control 
was achieved during the first operation was 19 % and 10 %, respectively. However, 
when source control was not obtained during the initial operation, the mortality 
rate for patients undergoing planned relaparotomies was 59 % as compared to 
86 % in those treated conventionally. Overall, when source control was successful 
during the first operation, the mortality rate was 14%, when unsuccessful, it was 
64 %. This experience points to the crucial importance of source control and sug- 
gests that planned relaparotomies may be beneficial when the source is not well 
controlled during the first operation. 

Not surprisingly, the more reoperations one does, the greater the surgical 
morbidity - usually manifested by intestinal and hemorrhagic complications [4-6, 
8, 13, 14, 17] . Reoperation may exacerbate the cytokine-generated local and systemic 
inflammation [18, 19], acting possibly as a “second hit.” 

Do planned relaparotomies reverse, prevent, or aggravate SIRS and multi- 
organ dysfunction? Is the benefit/risk ratio favorable? There is no consensus. 



Controversies 

Are Planned Relaparotomies Beneficial? 

Ideally, any surgical maneuver that successfully eliminates the source of infection 
and/or evacuates contaminants and pus will be beneficial. Planned relaparoto- 
mies represent a double-edged sword - achieving the above-mentioned goal, but 
at a cost to the host. In view of the high morbidity of multiple relaparotomies, we 
believe that we serve the patient better with an aggressive policy of postoperative. 
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on-demand, percutaneous CT-guided drainage procedures and/or CT-directed, 
on-demand laparotomies. This more limited strategy spares the rest of the ab- 
domen, and the patient, the trauma of blind exploration. 

The first postoperative week, however - before the infective process has be- 
come localized - offers a window of opportunity for planned relaparotomies. It 
is then, when one or two planned relaparotomies may help to better control the 
source and eliminate heavy contamination. It is our opinion that, at a later phase, 
intervention should be dictated by the patient’s condition, findings on clinical 
examination (when the abdomen is left open, one can easily place a hand in one 
of the gutters and gently feel around ) and imaging. 



Is Laparostomy Beneficial? 

The physiological benefits of a decompressing laparostomy for significant intra- 
abdominal hypertension causing abdominal compartment syndrome are well 
proven in trauma and general surgical patients [3]. A large body of experimental 
studies suggests that elevated intra-abdominal pressure promotes systemic ab- 
sorption of peritoneal endotoxin and bacteria, thus increasing the mortality rate 
of peritonitis in small and large animals [20]. Although the issue of raised intra- 
abdominal pressure and its treatment with laparostomy has not been studied 
specifically in patients with peritonitis, it is clear that reducing elevated intra- 
abdominal pressure is beneficial. Laparostomy, however, is not free from compli- 
cations; therefore, though mild elevation of intra-abdominal pressure contributes 
to the overall morbidity, the risk-benefit ratio of prophylactic laparostomy is not 
clear. In our practice, we reserve laparostomies for patients with symptomatic 
abdominal compartment syndrome, those who cannot be closed or those whom 
we plan to reexplore. 



When to Stop? 

Planned relaparotomies are classically continued until the abdomen is macros- 
copically clean. When the source is controlled, however, two or three relaparotomies 
are sufficient to sterilize the peritoneal cavity [6]. Persistence of SIRS signifies 
tertiary peritonitis due to opportunistic organisms such as Candida. Van Goor et 
al. [4] suggest that the presence of fewer than lo^cfu/ml of micro-organisms in 
the peritoneal cavity - achieved after an average of three laparotomies - is a use- 
ful criterion to stop reoperating. Clearly, the continuation of relaparotomies in a 
clean abdomen or in the face of tertiary peritonitis is counter-productive. 



Antibiotic Therapy 

Whether antibiotics should be administered as long as the abdomen remains 
open is controversial. Obviously, as long as the source is not controlled and the 
peritoneal cavity grows micro-organisms, antibiotics should be administered. 
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Microbiological studies in patients undergoing relaparotomies demonstrated 
that the peritoneal cavity becomes sterile in a few days [4, 20]. Although it has been 
suggested that fever and leukocytosis at discontinuation of antibiotics predict 
the recurrence of infection [21], it is far from clear whether continuation of anti- 
biotics could abort such recurrences. In our practice, we stop antibiotics when 
the source has been controlled and the abdomen is macroscopically clean and 
culture-negative. An open abdomen, fever, and leukocytosis are not indications 
to continue administration in the absence of other evidence of ongoing infection. 
There is some evidence, however, that fluconazole prophylaxis prevents coloni- 
zation and invasive intra-abdominal Candida infections in reoperated patients 
[21]. Peritoneal Candida infections are an independent marker of increased mor- 
tality and morbidity [22]. 



Critical Factors and Decision Making 

Relaparotomies and laparostomy are therapeutic measures that are indicated in 
a minority of patients. Planned relaparotomies are indicated - and probably 
beneficial - during the early postoperative phase, when the source has not been 
adequately controlled at the index operation, or when contamination/infection 
has been extensive or associated with necrotic tissues. Laparostomy is indicated 
and beneficial when the abdomen cannot be closed or cannot be closed without 
creating significant intra-abdominal hypertension. Our approach in such selected 
patients would be to start with one or two planned relaparotomies. Thereafter, 
once CT imaging becomes accurate, we continue aggressively but selectively - based 
on clinical judgment and imaging ~ with directed on-demand relaparotomies 
and/or percutaneous drainage procedures. Directed reoperation guided by CT 
imaging allows the surgeon to approach the problem through a fresh incision 
away from the central mass of matted bowel and avoid the potentially damaging 
effects of one's hands and instruments. 

Planed relaparotomies combined with laparostomy represent, for the time 
being, the heaviest weaponry in the surgeon’s mechanical armamentarium for 
the treatment of severe intra-abdominal infection and other postlaparotomy 
abdominal catastrophes. Even without level I or II evidence, we are convinced 
that these therapeutic modalities can be life-saving in a few selected groups of 
patients. The challenge is to know when to stop and how not to harm (Table 1). 

“A negative relaparotomy is better than a positive autopsy but is not, never- 
theless, a benign procedure” [23]. 
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Table 1. Laparostomy and planned relaporatomies for intra-abdominal sepsis 




Author 


Year 


Laparostomy 
± planned 
relaparotomy 


APACHE II 
(mean) 


Mortality 

(%) 


1. 


Steinberg D et al. [24] 


1979 


14 




7 


2. 


Casali RE et al. [25] 


1980 


12 




8 


3. 


Stone HH et al. [26] 


1980 


124 




23 


4. 


Goris RJA et al. [55] 


1980 


26 




46 


5. 


Voyles CR et al. [27] 


1981 


25 




24 


6. 


DuffJHetal. [28] 


1981 


18 




33 


7. 


Maetani S et al. [29] 


1981 


13 




8 


8. 


Kendrick JH et al. [30] 


1982 


21 




19 


9. 


Wouters DB et al. [31] 


1983 


20 




15 


10. 


Anderson ED et al. [32] 


1983 


20 




55 


11. 


Broome A et al. [33] 


1983 


30 




0 


12. 


Penninckx FM et al. [1] 


1983 


31 




29 


13. 


Hedderich GS et al. [34] 


1986 


10 




20 


14. 


Teichmann W et al. [35] 


1986 


61 




22.9 


15. 


Andrus C et al. [36] 


1986 


34 




61.7 


16. 


Chan STF et al. [37] 


1986 


14 




21.4 


17. 


Walsh GL et al. [38] 


1988 


25 




32 


18. 


Ivatury RR et al. [39] 


1989 


25 


16.6 


47.7 


19. 


Bose SM et al. [40] 


1991 


5 




60 


20. 


Hakkiluoto A et al. [41] 


1992 


21 


22.1 


52 


21. 


Billing A et al. [16] 


1992 


152 


14.5 


33.5 


22. 


Christou NV et al. [14] 


1993 


18 




44 


23. 


Demmel N et al. [42] 


1993 


101 




32.7 


24. 


Schein M et al. [43] 


1994 


43 




41.8 


25. 


HauTet al.[13] 


1995 


38 


13.1 


21 


26. 


Roeyen G et al. [44] 


1996 


7 


17.7 


0 


27. 


Grunau G et al. [45] 


1996 


13 


17.6 


77 


28. 


Gotzinger P et al. [46] 


1996 


15 


9.8 


43 


29. 


Van Goor H et al. [4] 


1997 


24 


18.7 


29 


30. 


Jiffry BA et al. [47] 


1998 


52 




15.6 


31. 


Kriwanek S et al. [48] 


1998 


72 


16.3 


51.3 


32. 


Nathens AB et al. [49] 


1998 


11 


21.5 


45 


33. 


Visser MR et al. [50] 


1998 


41 




29.2 


34. 


WachaHet al.[51] 


1999 


55 




19.8 


35. 


Bailey CMH et al. [52] 


2000 


7 


22.7 


28.6 


36. 


Bosscha K et al. [12] 


2000 


67 


13 


42 


37. 


Kriwanek S et al. [53] 


2000 


145 


17 


37 


38. 


Koperna T et al. [54] 


2000 


22 


20.7 


54.5 
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Diagram i. Indications for planned relaparotomies and laparostomy 

lAPy increased intra-abdominal pressure; AC 5 , abdominal compartment syndrome 
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Invited Commentary 

Harry Van Goor 



Surgery to control the source of infection is the cornerstone of initial treatment 
for secondary peritonitis. The therapeutic dilemma is whether after initial ope- 
ration, the outcome may be improved by subsequent planned relaparotomy 
and/or laparostomy and whether the strategy of relaparotomy on demand should 
be practiced in selected patients. 

The surgical strategy of planned relaparotomies in patients with secondary 
peritonitis is not evidence-based. The majority of studies are retrospective, con- 
sist of small numbers of heterogeneous patients, and lack detailed information 
on definitions, criteria, and interventions used. Criteria for inclusion into the study 
and choice of therapy, in particular, are not transparent. It is striking to note that 
in some papers, for example, patients with perforated appendicitis and those 
with infected pancreatic necrosis are included and that combined results of planned 
relaparotomies are reported, suggesting that these disease entities, their surgical 
approaches, complications, and outcomes can be compared. Furthermore, patients 
initially treated for secondary peritonitis and those referred from other hospitals 
with established multiple organ dysfunction are combined in one study group. 

Necrotizing pancreatitis should be deleted from the discussion of whether or 
not to perform planned relaparotomies for peritonitis because it is a different 
disease entity than secondary peritonitis, because of the absence of peritonitis, 
the inability - per definition - to control the disease in one operation, the initially 
sterile inflammatory process, and the various secondary operative approaches 
(continuous postoperative lavage, planned lesser sac explorations, retroperitoneal 
exploration). Therefore this topic will not be addressed in this invited comment. 



Indications for Planned Relaparotomies 

Despite the lack of level I and II evidence it, is obvious that a planned relaparo- 
tomy is mandatory when the source of infection is not controlled in the first la- 
parotomy. Inability to control the source of infection, however, is rare and occurs 
only in patients in whom a bowel leak can not be closed, resected, exteriorized, 
or excluded. 

The important question remains whether there are indications for planned re- 
laparotomy in patients in whom the source of infection is adequately controlled. 
Residual necrosis and debris are reported to be the main indications and these 
should be removed as thoroughly and rapidly as possible in order to promote the 
healing process. This debridement is severely hampered by intra-abdominal fibrin. 
Firstly, fibrin forms adhesions that render abdominal reentry complicated. Ad- 
hesiolysis and fibrin pealing causes serosal bleeding, bowel perforation, and fistula 
formation. Secondly, fibrin localizes infection and is a nidus for abscesses. Thirdly, 
fibrin impairs host defense mechanisms, which are necessary to clear the abdomen 
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from necrosis, bacteria, and debris. Targeted or nontargeted reduction of fibrinous 
adhesions would probably render planned relaparotomy used to repeatedly 
debride the abdomen, superfluous, or at the least would diminish complications 
associated with planned relaparotomy. 



Tennporary or Definitive Closure of the Abdomen 

Apart from the discussion on indications for planned relaparotomies, there is 
debate on how to temporarily close the abdomen, when to stop planned relapa- 
rotomiesn and how to close the abdomen definitively. 

The issue to leave the abdomen open as a laparostomy, viewing the infected 
abdomen as a huge abscess cavity which should be incised and drained, is settled: 
do not do it. It does not work because proper drainage is impossible as a result of 
rapid adhesion formation and a laparostomy introduces complications including 
bleeding, serosal damage, and intestinal fistula. 

Temporary closure can be achieved using materials varying from simple steri- 
lized nylon and plastic bags to specially designed Velcro-type sheaths and zippers. 
Much emphasis is put on closure without tension to avoid abdominal compartment 
syndrome. It is questionable if temporary closure not approximating fascial edges 
is necessary and advantageous in most patients with peritonitis - it certainly is 
harmful. Patients with large granulating defects over an absorbable mesh, receiving 
split skin grafts, ending up having large ventral hernias with physical and cosmetic 
complaints are the (silent) witnesses of an unproven method of treatment. 

I much agree with doing no more than two or three planned relaparotomies 
only in the first week after initial operation. In most patients, the source is controlled, 
necrosis is removed, pus is evacuated, and the initial bacterial load is drastically 
reduced. Resolution of the inflammatory process takes more time - reflected by 
’’clear” ascites, which often mistakenly is held for infected ascites. This finding is 
not an indication to continue planned relaparotomy. 

In some patients, intra-abdominal inflammation is ongoing and superimposed 
infections occur - a condition described by the term ’’tertiary peritonitis” - which 
never will be cured, but may be aggravated, by repeated surgical interventions 
and prolonged antibiotic use. 

The most frequent scenario - that two or three planned relaparotomies in the 
first week are adequate to clear the infection - enables closure of the fascia after 
each laparotomy and avoids complications and the necessity of troublesome 
secondary closure. Complications associated with raised abdominal tension are 
the price to pay in a few patients. When primary closure cannot be accomplished, 
the component separate method as described by Ramirez and currently practiced 
in our hospital may be used for delayed closure of large defects without the need 
of foreign material [i]. 



The Future of Treatment of Frank Peritonitis 

There are two important questions with regard to planned relaparotomy. Firstly, 
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how do we identify those patients who will benefit and those in whom one 
operation is sufficient? Secondly, are there nonsurgical means available as an ad- 
junct to initial surgery that obviate planned relaparotomy? 

The answer to the first question is unknown. Well-defined, prospectively 
gathered, epidemiological data and clinical observations of patients with perito- 
nitis may be of help as shown by the group of Lorenz [2]. Recent findings of 
genetically determined differences in magnitude of the local and systemic re- 
sponses to intra-abdominal infection hold promise that gene mapping may help 
to identify' patients who may cope with sequelae of intra-abdominal infection after 
one laparotomy [3]. 

The second question is easier to answer. Based on the clinical finding that 
fibrinous adhesions in particular render planned relaparotomy difficult and 
introduce complications, fibrinolytic and other adhesion-reducing agents seem 
logical as an adjunct to initial surgery. After successful animal experiments, the 
time has come for clinical trials of tissue plasminogen activator (a potent fibri- 
nolytic agent) or hyaluronate derivatives [4]. 



Recommendations 

• Future clinical studies should be prospective, including only patients with 
colonic perforation and postoperative peritonitis and only patients initially 
treated in a dedicated center. 

• The period of planned relaparotomies should in principle not exceed 7 days. 

• The fascia should preferably be closed in a primary fashion. If abdominal com- 
partment syndrome occurs temporary closure is recommended, followed by 
delayed closure as early as possible using component separation techniques. 

• Much effort should be put into targeted medical prevention of intra-abdominal 
fibrinous adhesions, an important source of residual infection and inflammation. 
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Key Principles 

• Antimicrobial therapy is an adjunct to primary source control procedures in 
treating patients with intra-abdominal infections. 

• Therapeutic antimicrobials (those given for longer than 24 h) are required only 
for patients with established intra-abdominal infections. Patients with limited 
exposure to contamination from a perforated viscus and those who have a 
removable focus of inflammation should be treated with prophylactic anti- 
microbials only (those given for less than 24 h). 

• Therapeutic antimicrobials for intra-abdominal infections should generally be 
limited to no more than 5-7 days. Ongoing clinical evidence of infection should 
prompt a search for a new or recurrent infection rather than arbitrary prolon- 
gation of antimicrobial therapy with new or different agents. 

• Antimicrobial regimens for intra-abdominal infections should cover common 
aerobic and anaerobic enteric flora. A number of different regimens are available, 
but the choice of antimicrobials for most patients with community-acquired in- 
fections should be dictated primarily by considerations of cost, convenience, 
and potential toxicity. 

• Patients at high risk for therapeutic failure include those with preexisting physio- 
logical compromise and those with difficult-to-treat organisms, which many times 
have been acquired in the hospital. Antimicrobial therapy may need to be in- 
tensified in some of these patients to cover resistant Gram-negative aerobic 
organisms, enterococci, and yeast. 



Antimicrobial therapy is an important component in the treatment of patients 
with intra-abdominal infections. However, the use of antimicrobials should be 
considered an adjunct to a properly performed surgical or radiologically guided 
procedure designed to gain control of the infected focus. Even the best anti- 
microbial therapy has little efficacy if used without an effort to gain adequate 
source control. 

The primary goal of antimicrobial therapy is to prevent the persistence or 
recurrence of an intra-abdominal infection by eradicating microorganisms 
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remaining after initial efforts at primary source control. A secondary goal of anti- 
microbial therapy is to prevent dissemination of the infection to other sites, 
which may occur during or after source control procedures. By assisting in the 
eradication and control of infecting microorganisms, antimicrobial therapy 
should limit the patient’s systemic response to infection and thereby improve the 
likelihood of survival and recovery. 

The fundamental principles of antimicrobial therapy for intra-abdominal 
infections were outlined over 25 years ago and have not changed substantially in 
the interim. These principles were based on experimental models of intra-abdo- 
minal infections and clinical studies, which demonstrated the need for coverage 
of aerobic/facultative anaerobic Enterobacteriaceae and anaerobic organisms, 
particularly Bacteroides fragilis [1, 2] . The initial regimen shown to be efficacious 
in this regard was an aminoglycoside such as gentamicin, combined with an anti- 
anaerobic agent such as clindamycin or chloramphenicol. Over the past 2 decades, 
the repertoire of antimicrobial agents has expanded greatly, and there is a wide 
variety of single agents or combination regimens currently available for the treat- 
ment of intra-abdominal infections. 

In 1992 the Antimicrobial Agents Committee of the Surgical Infection Society 
provided a set of guidelines regarding the use of antimicrobials for intra-abdo- 
minal infections [3]. These guidelines have been supplemented by an update 
undertaken by the Therapeutic Agents Committee, the successor to the Anti- 
microbial Agents Committee [41]. A summary of these guidelines is included in 
the appendix of this chapter. However, this recent revision does not supplant the 
previously published guidelines and the reader is referred both to the original 
guidelines and the recent update for a full description of the evidence behind the 
recommendations. 

In addition to updating the original guidelines, another goal of the revised 
document was to describe the evidence behind different recommendations 
according to evolving terminology of evidence-based medicine. The final 
recommendations were graded with regard to the quality of evidence that supports 
them (Table 1). In general, level 1 recommendations were based on two or more 
well-done, prospective, randomized, controlled studies; level 2 recommendations 
were based on less well-controlled prospective or retrospective studies; and level 
3 recommendations were based on uncontrolled studies and expert opinion. These 
descriptions were based on those used by the Eastern Association for the Surgery 
of Trauma [4] and the American Society for Parenteral and Enteral Nutrition [5]. 



Table 1. Rating scale for recommendations 

Level 1. Recommendation based on consistent, strong research-based evidence. Supported 
primarily by multiple, relatively homogeneous, prospective, randomized controlled 
trials. 

Level 2. Recommendation based on fair research-based evidence. Supported by limited data 
from prospective, randomized controlled trials, or by other prospective or retrospective 
analyses with good study design. 

Level 3. Recommendation based primarily on limited or uncontrolled data and supported by 
expert opinion. 
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While this grading system is somewhat less complex than others, it still allows a 
straightforward characterization of the strength of the recommendation. 



Selection of Patients for Therapeutic Antimicrobial Therapy 

Intra-abdominal infections covered by the previous and updated guidelines 
include those generally described as secondary or tertiary peritonitis and intra- 
abdominal abscess. The polymicrobial nature of nearly all intra-abdominal in- 
fections reflects their origin from an enteric source. Intra-abdominal infections 
due to primary peritonitis and those associated with indwelling intra-abdominal 
catheters have a different microbial flora and are not considered further during 
these discussions. Similarly, specific issues related to pathogens found with primary 
gynecological disorders preclude further description of antimicrobial treatment 
of these infections, even though these may involve Gram-negative enteric patho- 
gens and anaerobes. 

It is important to identify patients who require therapeutic administration of 
antimicrobial agents. Although many patients undergoing abdominal procedures 
receive antimicrobials in the perioperative period, much of this use is intended 
as prophylaxis to prevent primary superficial surgical site and other infections. 
Use of prophylactic antimicrobials should not exceed 24 b. Therapeutic anti- 
microbials, in contrast, are intended to treat established intra-abdominal infec- 
tions, which are often a result of a pathological process several days in duration. 
Therapeutic antimicrobials are generally given for several days, as will be dis- 
cussed below. 

Although the distinction between prophylactic and therapeutic antibiotics is 
clear for most patients, some patients fall into a gray zone. Such patients include 
those who have significant intra-abdominal contamination sustained shortly be- 
fore or during an operative procedure and those who have an infected focus with- 
in the abdominal cavity that is confined to a specific organ. The current guidelines 
have attempted to delineate which of these patients should receive therapeutic 
antimicrobials (Table 2). Several prospective studies have shown that 24b of anti- 
microbial therapy is effective for the treatment of patients with bowel injuries as 
a result of penetrating abdominal trauma, when surgical therapy is undertaken 
without delay [6-10]. A similar principle should apply to iatrogenic bowel perfo- 
rations operated on immediately such as endoscopic perforations of the colon or 



Table 2. Conditions for which therapeutic a ntimicrobials (>24 h) are not recommended 

Traumatic and iatrogenic enteric perforations operated on within 12 h 
Gastroduodenal perforations operated on within 24 h 
Acute or gangrenous appendicitis without perforation 
Acute or gangrenous cholecystitis without perforation 

Transmural bowel necrosis from embolic, thrombotic, or obstructive vascular occlusion with- 
out perforation or established peritonitis or abscess 
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enterotomies occurring during surgical interventions. Because of the low bacterial 
inoculum, most gastroduodenal perforations less than 24 b old do not require 
therapeutic antimicrobials, although a definitive study of this has never been per- 
formed. Small-bowel and colonic perforations greater than 12 h old, and gastro- 
duodenal perforations greater than 24 b old, are considered to have had sufficient 
duration to permit an intra-abdominal infection to be established. Thus, thera- 
peutic antimicrobials should be administered for these conditions. 

Another group of patients for whom short-term prophylactic antimicrobial 
therapy is reasonable are those who have an infected focus that can be fully 
eradicated at the time of surgical intervention. Thus, patients with acute or 
gangrenous appendicitis or cholecystitis, and those with bowel necrosis due to a 
vascular accident or strangulation, in whom there is no evidence of perforation 
or infected peritoneal fluid, can be reasonably treated with 24 b or less of anti- 
microbials [11, 12]. However, this principle does not apply to those patients whose 
infection has extended beyond the initial anatomical focus and who clearly have 
purulent, infected, peritoneal fluid. Since these patients have established perito- 
nitis, therapeutic antimicrobial therapy is warranted. 



Duration Of Antimicrobial Therapy 

Recommendations vary widely with regard to the duration of antimicrobial 
therapy for intra-abdominal infections. Nearly all prospective trials have left the 
duration of antimicrobial therapy to the discretion of the investigator, allowing 
anywhere from 3 to 14 days of therapy. There have been no large prospective, ran- 
domized controlled trials specifically evaluating duration of therapy as a factor 
in the success or failure of antimicrobial use for intra-abdominal infections. 

There is a growing consensus that prolonged antimicrobial therapy is not war- 
ranted for most patients with intra-abdominal infections. Bohnen et al. [3] re- 
commended 5-7 days of antimicrobial therapy. Wittman and Schein [11] have pro- 
posed even shorter durations of therapy. Using historical data, success rates for 
protocols that limit the duration of therapy to 3-5 days have been equivalent to 
those using a longer duration of therapy [12-14]. 

The risk of treatment failure is quite low in patients who have no clinical 
evidence of infection at the time of cessation of antimicrobial therapy. This 
usually implies that the patient is afebrile, has a normal white blood cell count, 
and is tolerating an oral diet. One prospective randomized study of patients with 
complicated appendicitis demonstrated that discontinuation of antimicrobials at 
the time of resolution of clinical signs was as successful as a fixed duration of 
antimicrobial therapy and resulted in a shorter duration of antibiotic use [15]. 

The risk of treatment failure, however, is much higher in patients who have 
persistent signs of infection such as an elevated temperature or white blood cell 
count at the time that antimicrobials are discontinued [16, 17]. This situation pre- 
sents a quandary to the clinician and the tendency is to prolong the course of anti- 
microbials or substitute a different regimen for the one previously employed. 
However, there have been no prospective studies demonstrating that such an 
approach actually improves patient outcome. In fact, unresolving clinical signs 
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generally indicate either a persistent or recurrent intra-abdominal infection or 
the development of a new infection such as a nosocomial pneumonia. Thus, the 
observation of new or ongoing clinical signs or symptoms of infection should 
prompt further investigation to identify the source of the problem, rather than 
simple prolongation of the antimicrobial course with the same or different 
agents. 

There are a few occasions in which a more prolonged course of antimicrobials 
may be warranted. In a retrospective analysis of patients treated with open ab- 
dominal techniques for persistent bacterial peritonitis, Visser et al. [i8] identified 
decreased duration of antimicrobial exposure as a risk factor for failure in these 
patients. It is generally accepted that when it is not possible to attain optimal 
primary source control, it may be necessary to rely on prolonged antimicrobial 
therapy to fully eradicate the intra-abdominal infection. However, such conside- 
rations really apply only to the small number of patients in whom primary source 
control is not feasible or who have tertiary peritonitis after previous treatment 
failures. 

Overall, then, the recommendation is to limit antimicrobial therapy to no more 
than 5-7 days for most patients with intra-abdominal infections. The duration of 
therapy should be based on the extent of the infection at the time of the initial 
source control procedure. At the end of this period of time, or perhaps earlier in 
patients who have had resolution of all clinical signs of infection, antimicrobials 
should be discontinued. In patients having persistent clinical signs of infection, 
an attempt should be made to determine the cause. Patients with persistent or re- 
current intra-abdominal infections will likely require additional efforts to attain 
source control and patients who have infections at other sites will need appro- 
priate antimicrobials for that particular cause. In patients who have persistent 
clinical evidence of infection, but a negative diagnostic workup, discontinuation 
of all antimicrobial therapy may be warranted, since the persistent clinical symp- 
toms and signs may be the result of ongoing tissue inflammation (the systemic 
inflammatory response syndrome) and not a specific infectious disorder. Avoiding 
indiscriminate use of antimicrobials in this setting should not only decrease the 
exposure of patients to costly and potentially toxic agents, but also diminish the 
widespread colonization of patients and the hospital environment with highly re- 
sistant organisms. 

Antimicrobial Regimens for Intra-abdominal Infections 

A number of regimens, both single agents and combinations of antimicrobials, 
are available for the treatment of patients with intra-abdominal infections. The 
current recommendations of the Surgical Infections Society are listed in Table 3. 
All recommended regimens cover both the aerobic/facultative anaerobic Gram- 
negative bacteria and the anaerobic bacteria commonly associated with intra- 
abdominal infections. Single agents recommended include second-generation 
cephalosporins with anaerobic coverage, beta-lactam/beta-lactamase inhibitor 
agents, and carbapenems. Recommended combination regimens include an amino- 
glycoside plus an antianaerobic agent (either clindamycin or metronidazole). 
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Table 3. Recommended antimicrobial regimens for intra-abdominal infection 

Single agents: 

- Cefoxitin 

- Cefotetan 

- Ampicillin-sulbactam 

- Ticarcillin-clavulanic acid 

- Piperacillin-tazobactam 

- Imipenem-cilastatin 

- Meropenem 

- Ertapenem 

Combination regimens: 

- Aminoglycoside (gentamicin, tobramycin, netilmicin, amikacin) 
plus antianaerobe (clindamycin or metronidazole) 

- Cefuroxime plus metronidazole 

- Third-/fourth-generation cephalosporin 

(cefotaxime, ceftriaxone, ceftizoxime, ceftazidime, cefepime) 
plus antianaerobe 

- Aztreonam plus clindamycin 

- Ciprofloxacin plus metronidazole 



cefuroxime, or a third or fourth generation cephalosporin plus an antianaerobic 
agent, aztreonam plus clindamycin, and ciprofloxacin plus metronidazole. It is 
likely that other agents will be added to this list in the near future, as prospective 
trials of newer carbapenems and fluoroquinolones become available. 

The efficacy of all of the recommended regimens has been confirmed in pro- 
spective, randomized, controlled trials. However, it is not possible to identify any 
specific regimen as superior to another, since these prospective trials have almost 
always been designed as equivalency trials and have been insufficiently powered 
to demonstrate superiority. In general, most regimens have shown efficacy rates 
of 8o %-90 %, but the actual rates are highly dependent on the selection criteria 
used to enter patients into the trials. Typically, efficacy rates are higher when 
many or all of the study patients have perforated appendicitis. 

Since all regimens appear to be approximately equivalent, antimicrobial 
selection should be based on other criteria. With mild to moderate community- 
acquired infections such as perforated appendicitis, cure is likely with any regimen 
and antimicrobial agents having a narrower spectrum of activity that are less toxic 
and less costly are preferable [41]. Such agents might include second-generation 
cephalosporins with anaerobic coverage, ampicillin/sulbactam, and ticarcillin/ 
clavulanic acid. 

The use of oral antibiotics to complete an antimicrobial course also appears 
reasonable for many patients with intra-abdominal infections. This was specifically 
demonstrated in a prospective trial of oral ciprofloxacin and metronidazole used 
as continuation therapy for patients started on intravenous forms of these anti- 
biotics [19]. Oral amoxicillin/clavulanic acid has also been used in several studies, 
although its efficacy as continuation therapy has not been as well documented. 
When oral antibiotics have been used, they have not been started prior to 3 days 
after initiation of therapy and have been used only for patients who are able to 
tolerate an oral diet. 
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The use of aminoglycoside-containing regimens has declined substantially in 
recent years with the availability of other, less toxic agents. A common problem 
with aminoglycosides is underdosing, and the resultant failure to achieve thera- 
peutic concentrations of these agents. In one study, Solomkin et al. [20] identi- 
fied subtherapeutic concentrations of aminoglycosides as a likely cause of an in- 
creased rate of treatment failures related to the use of these agents. Thus, if these 
agents are used, it is important to dose them adequately. 

Once daily administration of aminoglycosides is an alternative that simplifies 
their use and may avoid problems of underdosing. Compared to multiple daily 
dose regimens, once daily administration appears to be associated with equivalent 
efficacy and possibly decreased side effects [21]. Although daily administration 
of aminoglycosides has not been studied extensively in patients with intra- 
abdominal infections, there are sufficient data available to recommend this method 
for patients with intra-abdominal infections. 

Of the recommended regimens, only beta-lactam/beta-lactamase agents and 
carbapenems routinely cover Enterococcus. However, the need for coverage of 
this organism remains controversial. Prospective trials, which have mainly in- 
volved patients with mild to moderate community-acquired infections, have not 
demonstrated any added clinical benefit for regimens that provide enterococcal 
coverage when compared to those that do not. For most patients, it does not seem 
justifiable to use only agents that cover this organism or to routinely add ampi- 
cillin or another agent to regimens that do not provide this coverage. 

A question as to the adequacy of antimicrobial therapy may arise if final culture 
results reveal organisms resistant to the initial empiric antibiotic regimen. The 
need for routine cultures in patients with intra-abdominal infections is contro- 
versial, particularly for those with mild to moderate community-acquired infections 
[22, 23]. However, there seems little justification for altering an initial empiric 
antibiotic regimen on the basis of culture results if the patient has clinical evi- 
dence of an adequate response. Although this might be considered in the patient 
who is not showing signs of clinical improvement, such a patient is much more 
likely be benefited by a careful search for another source of an infection, rather 
than by simple alteration of the antibiotic regimen. 



Antimicrobial Therapy for the High-Risk Patient 

The identification and optimal treatment of the high-risk patient remains a chal- 
lenge. First of all, the definition of a high-risk patient is imprecise. Is the high-risk 
patient one who is simply at increased risk of death, even if that death is due to a 
perioperative myocardial infarction rather than the intra-abdominal infection it- 
self, or is the high-risk patient one likely to have any infectious complication, even 
if it is relatively minor such as superficial surgical site infections? Unfortunately, 
most analyses of risk factors have not clearly separated out the risk of morality 
from the risk of significant treatment failure, although the latter would be much 
more likely to be affected by alterations in antimicrobial therapy than the former. 

Treatment failure is related both to the extent of the initial infection and to the 
host’s capacity to respond to that infection. Traditionally, the source of the intra- 
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abdominal infection has been thought to influence the risk of treatment failure 
and death. Mosdell et al. [24] identified patients with perforated appendicitis as 
having substantially lower mortality than other patients suffering from intra- 
abdominal infections, whereas patients with colonic perforations not due to 
diverticular disease were identified as being at particularly high risk for treat- 
ment failure and mortality. These latter patients may have had more diffuse peri- 
tonitis, in contrast to the localized infections characteristic of diverticular per- 
forations. 

However, much of this apparent association between treatment failure and the 
source of infection more likely reflects preexisting host factors than differences 
in the virulence of the specific infections. Thus, treatment of perforated appen- 
dicitis is generally successful because it is a disease of young, previously healthy 
patients. It is well recognized that perforated appendicitis is a much more lethal 
and morbid disorder when it occurs in elderly patients with multiple medical 
problems. 

Several studies have examined risk factors for treatment failure and death 
using multivariate techniques. Advanced age, poor nutritional status, a low serum 
albumin concentration, preexisting medical disorders, particularly significant 
cardiovascular disease, and the use of immunosuppressive medications have all 
been identified as independent risk factors of mortality [25-30] . Perhaps the most 
accurate tool for identifying patients at increased risk for adverse outcome is the 
APACHE II score. This measurement, which is based on both acute and chronic 
alterations in physiology, correlates well with both the risk of treatment failure 
and the risk of mortality following treatment of intra-abdominal infections. Un- 
fortunately, this score is somewhat cumbersome to obtain and may not be readily 
available when initial treatment decisions need to be made. 

A few risk factors have been identified that might be pertinent to the selection 
of antimicrobial therapy for patients at higher risk. Patients who have organisms 
that are resistant to the initial empiric regimen are more likely to fail therapy than 
are those with sensitive organisms [31-33]. In many cases, these resistant patho- 
gens are nosocomial in origin and have been acquired during hospitalization prior 
to a definitive source control procedure. When such resistant organisms are like- 
ly, the selection of antimicrobial therapy may need to be modified based on local 
patterns of pathogens and resistance and the patient’s history of prior anti- 
microbial exposure. 

Finally, as has been emphasized earlier, the inability to obtain adequate source 
control, whether due to a technical problem or the extensiveness of the infection, 
is a factor that leads to failure of the primary therapy [30]. No antimicrobial 
regimen will be successful in the face of ongoing contamination or an uncon- 
trolled infectious source within the abdomen. 

It is difficult to provide definitive recommendations regarding antimicrobial 
therapy of high-risk patients with intra-abdominal infections, since comparative 
trials of antimicrobial agents in this patient population are lacking. Applying the 
data obtained from most prospective studies of different antimicrobials to high- 
risk patients is problematic. These trials have primarily involved patients with 
relatively easy-to-treat community-acquired infections and have specifically 
excluded patients likely to be at higher risk for failure. Patients with perforated 
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appendicitis are often the predominant population studied. As a result, mortality 
and failure rates in these trials are generally below those observed in epidemio- 
logical studies of patients with intra-abdominal infections. Thus, most recommen- 
dations regarding antimicrobial therapy for high-risk patients are based more on 
expert opinion than objective data. 

The current guidelines recommend that patients considered at high risk of 
failure be treated with antimicrobial regimens having a broader spectrum of 
activity against most Gram-negative aerobic/facultative anaerobic organisms. 
Such regimens include extended range beta-lactam/beta-lactamase agents such 
as piperacillin-tazobactam, carbapenems such as imipenem/cilastatin or mero- 
penem, third- or fourth-generation cephalosporins plus an antianaerobic agent, 
aztreonam plus clindamycin, and ciprofloxacin plus metronidazole. The use of 
an aminoglycoside plus an antianaerobe is also reasonable, although adequate 
doses must be used. High-risk patients may be at increased risk for toxicity from 
these agents. 

The use of aminoglycosides in combination with other agents effective against 
Gram-negative aerobic/facultative anaerobic organisms has been explored in a 
few prospective randomized trials. In one study, Dupont et al. [34] found no 
benefit to the use of the combination of amikacin with piper acillin/tazobactam 
compared to use of piperacillin/tazobactam alone for patients with both exten- 
sive community-acquired and nosocomial intra-abdominal infections. Other 
studies, which have not been limited exclusively to high-risk patients, have pro- 
vided some confirmation of this finding [35, 36]. Thus, routine addition of an 
aminoglycoside to another agent effective against Gram-negative aerobes is not 
necessary for high-risk patients with intra-abdominal infections. 

A further question relates to the use of regimens that have enterococcal 
coverage. Although, as indicated previously, routine enterococcal coverage is not 
necessary in most patients, failure due to Enterococcus appears to be more pre- 
valent in higher-risk patients [32, 37]. Since regimens such as carbapenems and 
extended-range beta-lactam/beta-lactamase combinations have enterococcal 
coverage, it may be reasonable to use such agents in the high-risk patient, although 
this recommendation can certainly not be considered definitive. 

Development of fungal superinfections is also a common problem in the high- 
risk patient. Eggiman et al. [38] examined the prophylactic use of fluconazole in 
postoperative patients at high risk for intra-abdominal candidal infections and 
found a decrease in the incidence of this complication. Although prophylactic 
therapy with fluconazole maybe reasonable in these patients, there is some con- 
troversy regarding the adequacy of fluconazole for the treatment of established 
candidal infections in the peritoneal cavity. Some authorities recommend am- 
photericin B as the preferred agent instead of fluconazole for these difficult-to- 
treat infections [39]. Ultimately, the choice of antifungal therapy will be heavily 
influenced by the risks of toxicity in a given patient. 

Few generalizations can be made with regard to antimicrobial therapy for 
patients with tertiary peritonitis, i.e., those patients who have failed previous 
attempts at control of intra-abdominal infections. These patients commonly harbor 
resistant organisms within the infected peritoneal fluid, including coagulase 
negative Staphylococcus, enterococci including those resistant to vancomycin. 
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multiply resistant Gram-negative bacilli, and fungal organisms, including many 
which are resistant to fluconazole. With tertiary peritonitis, empiric antimicrobial 
therapy should probably be directed at the nosocomial organisms commonly 
identified at a particular institution. Empiric therapy should be adjusted according 
to definitive culture results. Nonetheless, treatment failure is the rule rather than 
the exception and it is likely that these patients suffer from an overwhelming 
failure of host defense mechanisms. Ultimately, many of these patients will suc- 
cumb to or with their infections, regardless of the adequacy of antimicrobial 
therapy [40]. 



Conclusions 

Antimicrobial therapy for intra-abdominal infections is an adjunct to a properly 
performed operation or procedure designed to obtain adequate source control. 
There are a number of antimicrobial regimens suitable for treating patients with 
intra-abdominal infections and all appear to be of approximately equivalent 
efficacy. For most patients with mild to moderate community-acquired infections, 
antimicrobial selection can be based on criteria such as potential toxicity, con- 
venience, and cost. Duration of therapy should generally not exceed 5-7 days. 
Future improvements in the therapy of these patients will most likely relate to 
finding more cost-effective means of providing antimicrobial therapy without 
compromising safety. Thus, future research might focus on the use of narrower 
spectrum, relatively inexpensive agents, on the adequacy of short duration courses 
of antimicrobial therapy, and on the use of oral antimicrobial regimens easily ad- 
ministered outside of the hospital setting. 

In contrast, for the higher-risk patients and those with more severe infections, 
there is a dearth of available data with which to make firm recommendations re- 
garding antimicrobial therapy. Generally, these patients require therapy with 
broader-spectrum antimicrobials, which may have to be tailored to the specific 
pathogens encountered. In some patients, prolonged therapy may be needed if 
primary source control cannot be achieved. Improved outcome in these patients 
is likely to come from further investigation into defining who is at high risk for 
failure, delineating what antimicrobial regimens should be used, and determining 
how long therapy should be continued. Newer antimicrobial agents are likely to 
be needed in these patients, since they are commonly infected with resistant 
organisms. Ultimately, optimizing antimicrobial therapy for the high-risk patient 
will be of importance not only in providing better treatment of the individual 
patient, but also in decreasing the ongoing development of emerging microbial 
resistance in hospitalized patients. 
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Appendix: The Surgical Infection Society Guidelines 
on Antimicrobial Therapy for Intra-abdominal Infections 

Selection of Patients Who Require Therapeutic (> 24 h) 

Versus Prophylactic (< 24 h) Antimicrobials 

1. Patients with peritoneal contamination due to traumatic or iatrogenic bowel 
injuries repaired within 12 h (level 1) and those having gastroduodenal perfo- 
rations less than 24 h old (level 3) are not considered to have established intra- 
abdominal infections and should be treated with prophylactic antimicrobials 
for 24 h or less. 

2. Patients with a fully removable focus of inflammation, such as those with acute 
or gangrenous, but nonperforated appendicitis or cholecystitis, and those with 
bowel necrosis or obstruction without perforation or peritonitis, should be 
treated with (prophylactic) antimicrobials for 24 h or less (level 2). 

3. Patients with more extensive conditions than those noted above should be 
treated as having established infections and given therapeutic antimicrobials 
for longer than 24 h (level 3). 



Duration of Antimicrobial Therapy for Established 
Intra-abdominal Infection 

1. Antimicrobial therapy of most established intra-abdominal infections should 
be limited to no more than 5 (level 2) to 7 days (level 3). The duration of anti- 
microbial therapy for intra-abdominal infections can be based on the intra- 
operative findings at the time of initial intervention (level 3). Antimicrobial 
therapy can be discontinued in patients when they have no clinical evidence of 
infection such as fever or leukocytosis (level 2). 

2. Continued clinical evidence of infection at the end of the time period de- 
signated for antimicrobial therapy should prompt appropriate diagnostic in- 
vestigations rather than prolongation of antimicrobial treatment (level 3). 

3. If adequate source control cannot be achieved a longer duration of antimicro- 
bial therapy may be warranted (level 3). 



Antimicrobial Regimens for Intra-abdominal Infections 

1. Antimicrobial regimens for intra-abdominal infections should cover common 
aerobic and anaerobic enteric flora. The following antimicrobials or combinations 
of antimicrobials are effective for the treatment of intra-abdominal infections. 
No regimen has been demonstrated to be superior to another (level 1). 

Single agents: 

- Cefoxitin 

- Cefotetan 

- Ampicillin/sulbactam 

- Ticarcillin/clavulanic acid 
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- Piperacillin/tazobactam 

- Imipenem/cilastatin 

- Meropenem 

- Ertapenem 

Combination regimens: 

- Cefuroxime plus metronidazole 

- Third-Zfourth-generation cephalosporin (cefotaxime, ceftriaxone, ceftizoxime, 
ceftazidime, cefepime) plus an antianaerobe 

- Aztreonam plus clindamycin 

- Ciprofloxacin plus metronidazole 

- Aminoglycoside (gentamicin, tobramycin, netilmicin, amikacin) plus an 
antianaerobe (clindamycin or metronidazole) 

2. For less severely ill patients with community-acquired infections, antimicrobial 
agents having a narrower spectrum of activity such as antianaerobic cepha- 
losporins, ampicillin-sulbactam, or ticarcillin-clavulanic acid are preferable to 
more costly agents having broader coverage of Gram-negative organisms 
and/or greater risk of toxicity (level 3). 

3. Completion of an antimicrobial course with oral forms of ciprofloxacin plus 
metronidazole (level 2) or with oral amoxacillin/clavulanic acid (level 3) is 
acceptable in patients able to tolerate an oral diet. 

4. Once daily administration of aminoglycosides is the preferred dosing regimen 
for patients receiving these agents for intra-abdominal infections (level 2). Care- 
ful attention should be paid to prompt attainment of therapeutic antibiotic 
concentrations if divided daily doses of aminoglycosides are used (level 3). 

5. Regimens providing enterococcal coverage are not necessary for the treatment 
of most patients with community-acquired intra-abdominal infections (level 2). 

6. The routine use of intraoperative cultures is controversial. There is no evidence 
that altering the antimicrobial regimen on the basis of intraoperative culture 
results improves outcome (level 3). 



Antimicrobial Therapy for the Higher-Risk Patient 

1. In patients with intra-abdominal infections, treatment failure and death is 
associated with patient-related risk factors such as advanced age, poor nutri- 
tional status, a low serum albumin, and preexisting medical conditions, espe- 
cially significant cardiovascular disease. A higher APACHE II score is the most 
consistently recognized risk factor for both death and treatment failure (level 1). 

2. Disease and treatment-related risk factors, including a nosocomial origin of 
infection, the presence of resistant pathogens, and the lack of adequate source 
control, are associated with treatment failure and death (level 2). 

3. Patients at higher risk for failure (particularly from non-community-acquired 
organisms) should be treated with an antimicrobial regimen having a broader 
spectrum of coverage of Gram-negative aerobic/facultative anaerobic orga- 
nisms (level 3): 
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Single agents: 

- Piperacillin/tazobactam 

- Imipenem/cilastatin 

- Meropenem 

- Combination regimens: 

- Third-/fourth-generation cephalosporin plus an antianaerobe 

- Aztreonam plus clindamycin 

- Ciprofloxacin plus metronidazole 

- Aminoglycoside plus an antianaerobe 

4. Routine addition of an aminoglycoside to other agents having broad spectrum 
Gram-negative coverage such as imipenem/cilastatin, piperacillin/tazobactam, 
or third-Zfourth-generation cephalosporins, provides no additional benefit 
(level 2). 

5. Higher-risk patients likely to fail due to Enterococcus such as those of advanced 
age, higher APACHE II scores, a nonappendiceal source of infection, a post- 
operative infection, or a nosocomial origin of infection may benefit from the 
use of a regimen covering this organism (level 3). 

6. Addition of empiric antifungal therapy with fluconazole is reasonable for patients 
with postoperative intra-abdominal infections at high risk for candidiasis 
(level 2). For patients with established Candida peritonitis, antifungal therapy 
with amphotericin B may be preferable to the use of fluconazole, but the choice 
of therapy must be influenced by the risk of toxicity in a given patient (level 3). 

7. Patients with tertiary peritonitis are likely to harbor difficult-to-eradicate 
organisms such as coagulase-negative staphylococci, enterococci (including 
vancomycin-resistant enterococci), multiply resistant Gram-negative bacilli, 
and yeast (level 2). Empiric therapy should be directed at organisms likely to 
be present based on the patient’s history of previous antimicrobial therapy and 
local patterns of infectious organisms and resistance, and modified according 
to definitive culture results (level 3). 
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I always wanted to write a book 

that ended with the word “mayonnaise”. 

(Richard Brautigan) 



How to conclude a multi-author scientific book is an unsolved dilemma. We 
could end simply by declaring this the last chapter, but this lacks the finality and 
festivity that a book deserves. A book has a head, a body and a tail, but should the 
tail merely repeat what has already been said in the body? Should the sporadic 
reader who labored through all the chapters, to arrive at the end, be exposed to a 
dry summary of what was already said? 

Dear reader, rather than boring you, we decided to highlight what we consider 
the key messages of our panel of authors, decorating it with relevant aphorisms 
and quotations. 



1 Introduction 

• The truth is that surgical decision making is based on the marriage of evidence 
from clinical studies, inferences from biology, and the elusive element of surgical 
experience. (J.M.) 

• Time and Mother Nature are the surgeon's two greatest allies, and many a 
seemingly impossible situation can be converted to one that is merely a chal- 
lenge by careful patience (J.M.). 



2 The Biological Rationale (D.L Dunn) 

• Host defenses are occasionally incapable of combating the introduction of 
microbes and establishment of infection, particularly when a large number of 
microbes is present or host defenses are diminished, or when an ongoing source 
of microbial contamination exists. 

• Inadequate source control increases morbidity and mortality as much as seven- 
fold. 

• In surgery physiology is the king, anatomy the queen; you can be the prince, but 
only provided you have the judgment (M.S.). 



3 Experimental Models of Source Control (P. Wang, I.H. Chaudry) 

• The CLP model of sepsis is associated with cellular dysfunction (such as he- 
patocellular depression) and upregulation of proinflammatory cytokines 
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(such as TNF). Furthermore, the ligated and punctured cecum can be excised 
at various intervals to serve as a source control model of sepsis. Such a model 
can be used for testing pharmacological agents in the management of sepsis. 

• Every operation in surgery is an experiment in bacteriology (Berkeley Moyni- 
han, 1865-1936). 



4 Drainage (G.l. Gang J.F. Moulton J.S.Solomkin) 

• Percutaneous abscess drainage (PD) is the preferred option in most cases. 

• Operative intervention is indicated for failure of PD or when there are abso- 
lute contraindications to PD. 

• PD can temporize, permitting delayed definitive management of an infectious 
focus. 

• Drain pus through the shortest route (Mark M. Ravitch, 1910-1989). 

• Why is it fun to drain abscesses? Because you can't infect pus (M.S.). 

5 Debridement and "Peritoneal Toilet" (J. Bohnen) 

• The degree of peritoneal contamination correlates with the severity of infection 
and outcome. 

• The host responds to peritoneal infection by absorbing pathogens into the 
bloodstream and by mounting a local peritoneal inflammatory reaction; both 
responses kill bacteria but affect the host adversely. 

• The goal of peritoneal toilet is to remove mechanically as many contaminants 
as possible to reduce the severity of infection and limit adverse host responses. 

• People claim that lavage is the solution to pollution by dilution of the contami- 
nants - but remember that macrophages do not swim well. 

• The phagocyte is the best antiseptic (Alexander Fleming, 1881-1955). 

6 Device Removal (V. Lazaron, G.J. Beilman) 

• Make sure diagnosis of infection is secure. 

• Determine whether device removal would pose significant risk. 

• Assess complicating factors (virulence of infection, debilitation or immuno- 
suppression of the patient, etc.) and history (has an attempt at conservative 
therapy failed?) 

• When in doubt, take it out. 

• Too many Swan-Ganzes. The late NY cardiologist Bernard Lown wrote: ''The 
reason for this shift includes a romance with mindless technology, which is em- 
braced largely to maximize income. Since it is unnecessary to spend much time 
with patients... it opens floodgates for endless procedures.” 
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7 Definitive Versus Temporizing Therapy (D.E. Fry) 

• Surgical choices at the time of achieving source control may require that the 
procedure be temporizing with the knowledge that a subsequent procedure 
will be required, or the choice may be definitive with the procedure designed 
to both control the source and also manage the underlying disease. 

• The judgment to select a temporizing versus a definitive procedure requires 
an integrated assessment of 

a) the surgeon’s knowledge about the underlying disease, 

b) systemic host factors, and 

c) the severity of the local inflammatory response. 

• To open an abdomen and search for a lesion as lightly as one would open a bureau 
drawer to look for the laundry^ may mean lack of mental overwork to the surgeon, 
but it means horror to the patient (J. Chalmers Da Costa, 1863-1933). 

8 Deciding on the Extent of Surgical Therapy (G. Papia, J.C. Marshall) 

• The more extensive the initial intervention, the greater the challenge of sub- 
sequent reconstruction: the optimal intervention is that which accomplishes 
the source control objectives in the simplest manner. 

• The larger the operation, the greater the trauma. The greater the trauma, the 
stronger the SIRS. The stronger the SIRS is, the sicker the patient is.The sicker 
the patient is the higher his M&Mis (M.S.). 

9 Consequences of Failed Source Control (P.S. Barie, S.R. Eachempati) 

• Failure of source control is more important than antibiotic failure in defining 
the outcome of surgical infections in general, and in intra-abdominal infec- 
tions in particular. 

• Source control of an intra-abdominal infection may fail because of a poor 
choice of operation or the correct operation performed poorly or with poor 
timing. 

• Systemic consequences of failed source control include nosocomial infections, 
nutritional and metabolic disorders, and multiple organ dysfunction syndrome. 

• Surgeons are judged by the way they manage their own complications. 

• What is alleged to be a *'piece of cake*' may become a sponge cake saturated in 
blood (M.S.). 



10 Diffuse Peritonitis (B.CIoor, M.Worni, M.W. Buchler) 

• Aggressive initial surgical source control, including extensive intraoperative 
lavage, is sufficient in the vast majority of cases (-90 %). 

• Continuous lavage, laparostomy and/or planned reexploration only if source 
control is not possible at initial operation. 
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• The time will assuredly arrive when peritonitis will not kill because we will 
learn that the ejfusions in the peritoneal cavity may be as safely evacuated as 
those in the pleural cavity (James Marion Sims, 1813-1883). 



1 1 Gastric and Proximal Small Bowel (D. Danielson, M.A. West) 

• Primary closure can usually be performed. 

• We have no responsibility to such patients but to save their lives. Any procedure, 
which aims to do more than this, can quite significantly be considered meddle- 
some surgery. We have no responsibility during the surgery to carry out any pro- 
cedure to cure the patient of his original duodenal ulcer (Roscoe. R Graham, 
1890-1948). 

• If anyone should consider removing half of my good stomach to cure a small ulcer 
in my duodenum, I would run faster than he (Charles H. Mayo, 1865-1939). 

• In the era of Helicobacter pylori doing a gastrectomy for peptic ulcer is like 
doing a lobectomy for pneumonia (Asher Hirshberg). 



12 The Colon (D.H.Wittmann) 

• Colonic perforations can be classified as traumatic perforation, perforation 
following localized necrosis from disease, and transmural ischemic necrosis 
due to impaired vascular flow. 

• The choice of therapy depends on the general condition of the patient, the 
inflammatory response of the peritoneum, the magnitude of increased intra- 
abdominal pressure, and the pathology itself. 

• Treatment options include simple suture closure, resection with anastomosis, 
exteriorization of the colon segment that is perforated, resection without ana- 
stomosis and formation of a terminal colostomy with or without a mucous 
fistula, STAR (staged abdominal repair) to secure source control by daily in- 
spection during abdominal reentries. 

• Think about acute diverticulitis as a left-sided acute appendicitis which is, how- 
ever, usually treated without an operation (M.S.). 

• He who farts lives (Nicholas Senn, 1844-1908). 



1 3 Infection and Trauma of the Rectum and Anus (P.O. Nystrom) 

• Perianal abscess and infected fistulae: incision and curettage for drainage of 
abscess, lay open associated low fistula, insert seton in high fistula, no drains 
or packing of wounds, antibiotics are of uncertain value. 

• Fournier’s gangrene: emergency action, broad spectrum antibiotics, wide ex- 
cision of necrotic tissue, leave wounds open, and plan for revision, diverting 
stoma usually not necessary 

• Anal and perineal trauma: debridement of devitalized tissue, suture of external 
sphincter if possible, leave wounds open, diverting stoma usually not necessary. 
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• Rectal trauma: defunctioning sigmoidostomy, suture of rectal wounds, drainage 
of presacral space, rectal washout. 

• Faecal incontinence after fistula is the result of aggressive surgeons, not pro- 
gressive disease (John Alexander- Williams). 



14 Acute Appendicitis (J.M. Watters) 

• Early appendectomy, open or laparoscopic, is standard therapy for acute appen- 
dicitis. 

• Appendiceal phlegmon commonly resolves with antibiotic therapy alone. 

• Appendiceal abscess may also respond to antibiotic therapy but will require 
percutaneous (or surgical) drainage in many instances. 

• Appendicitis occasionally manifests as a more severe, potentially life-threa- 
tening problem, which may include generalized peritonitis, bacteremia, pyle- 
phlebitis, and/or liver abscesses, and requires appropriate surgical, antibiotic, 
and supportive therapy. 

• The experienced surgeon knows the pitfalls and dangers, which surround even 
the ''simplest'* operation. Perhaps he has himself lived through the sad experi- 
ence of having a ligature slip when tying the appendiceal stump too short. He 
knows the dreadful penalty, which must follow ... if he ligates the appendiceal 
artery improperly (Max Thorek, 1880-1960). 

• The appendix is generally attached to the cecum (Mark M. Ravitch, 1910-1989). 

• There are two things in life that I will never understand: women and acute 
appendicitis (M.S.). 



1 5 Bariatric Surgery (R.E. Brolin) 

• Gastrointestinal leaks after bariatric operations can kill. 

• Suture repair of leaks at the gastrojejunostomy is rarely successful in the face 
of florid infection. Conversely, leaks in the gastric staple line usually can be 
suture closed. If the leak involves the distal bypassed stomach, a tube gastro- 
stomy should be performed. 

• Failure to demonstrate a leak radiologically in a patient with sign of a systemic 
inflammatory response, especially if progressive, should be followed by explo- 
ratory laparotomy (N.V. Christou). 

• Anastomotic leaks are the Achilles' heal of this procedure as far as mortality is 
concerned (N.V. Christou). 

• Patients who are naturally very fat are apt to die earlier than those who are slender 
(Hippocrates, 46o?-377? B.C.). 



1 6 The Gallbladder and Biliary Tree (P. Gotzinger, R. Fugger) 

• Early cholecystectomy is the treatment of choice in acute cholecystitis. 

• Endoscopic sphincterotomy is the treatment of choice in ascending cholangitis. 
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• Gallstones are not so harmless as was formerly thought (Augustus Charles Ber- 
nays, 1854-1907). 

• It is better to remove 95% of the gallbladder (i.e., subtotal cholecystectomy) 
than 101 % (i.e.y to together with apiece of the duct) (Asher Hirshberg). 

• When the gallbladder is ''difficult” go fundus down and stay near the wall (M.S.). 



1 7 Pancreatic Infection (P. Dellinger) 

• Prompt debridement when infection is diagnosed. 

• Late debridement, when possible, is easier and safer. 

• Sterile necrosis infrequently needs debridement, and then late in the course of 
the disease. 

• Remove necrotic infected tissue. 

• Avoid acute morbidity associated with necrotic tissue debridement: bleeding, 
fistula, devascularization of viscera, splenic injury. 

• Acute pancreatitis is the most terrible of all the calamities that occur in connec- 
tion with the abdominal viscera (Berkeley Moynihan, 1865-1936). 

• The pancreas situated high up in the abdominal cavity, and hidden behind such 
important organs as [...] is the least accessible of all abdominal organs, and on 
this account its affections, wrapped in obscurity, have for the most part consti- 
tuted subjects for empirical medications (Nicholas Senn, 1844-1908). 

• Acute necrotizing pancreatitis: During the early phases of the disease "our 
patience will achieve more than our force” (Edmund Burke); later on, when called 
to operate on necrotic and infected complications, remember that "patience 
and diligence, like faith, remove mountains” (William Penn). 



1 8 Liver Abscesses (I. Sayek, D. Onat) 

• Liver abscesses are either pyogenic or parasitic. 

• Early diagnosis and prompt treatment of the underlying cause reduce morbidity 
and mortality. 

• Source control consists of drainage using surgical or US- or CT-guided aspi- 
ration and antibiotic therapy. 

• Hydatid cysts of the liver can be managed surgically as well as percutaneously. 

• The liver confounds the surgeon's dependence on anatomy (J. Foster). 



19 Acute Mesenteric Ischemia (D.P. Raymond; A.K. May) 

• Maintain a high degree of suspicion, the primary goal is diagnosis prior to bowel 
infarction - a complication that carries a mortality of up to 90 %. 

• Aggressive use of angiography to make the correct diagnosis and plan surgical 
intervention appropriately. 

• Restoration of bowel perfusion requires not only surgical intervention but also 
aggressive use of invasive monitoring to assure adequate resuscitation. 
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• Following resection of devitalized bowel, make a plan for a second look pro- 
cedure based on the appearance of the bowel. 

• It is almost impossible to further increase the current mortality associated with 
acute mesenteric ischemia (M.S.). 



20 The Esophagus (J. Escallon, M.F. Jimenez) 

• Early diagnosis, within 24 h (no associated esophageal diseases), requires pri- 
mary repair. 

• Delayed diagnosis, debridement and drainage, reinforced primary repair or 
exclusion and diversion. 

• Cancer, megaesophagus, caustic stenosis: one stage esophagectomy with im- 
mediate or delayed reconstruction. 

• Always leave adequate drainage. 

• In fact, I really do not think that the time of perforation should enter into treat- 
ment decisions to any significant extent (J.D. Richardson). 

• I believe that an attempt should be made to close every perforation (J.D. Rich- 
ardson). 

• In my opinion^ esophageal diversion should be reserved only for those patients 
who are almost certainly going to die unless diversion is done (J.D. Richardson). 



21 Pleural Empyema (T. Hau, E. Forster) 

• Primary management of para- or postpneumatic empyemas is with antibiotics. 
Source control is a secondary measure whose aims are the evacuation of pus 
and full expansion of the lung; approaches to source control must be adapted 
to the stage of the disease. 

• The objective of source control in post resectional empyema is to close any 
bronchopleural fistula and reexpand the lung, or, after pneumectomy, to sta- 
bilize or obliterate the thoracic space. 

• The pleural cavity and the peritoneal cavity are biologically identical; the bronchi, 
however, are sterile, while the gut is not (J.M.). 



22 Soft Tissue Infections (S.K. Lee, J.K. Horn) 

• Necrotizing soft tissue infections (NSTI) generally involve the subcutaneous 
tissue, fascia, or deeper tissues. Therefore, a NSTI may not be readily apparent 
on external inspection of the skin. 

• Treatment consists of urgent surgical exploration with drainage and debride- 
ment of nonviable or infected tissue. Wounds require frequent inspection un- 
til one is assured that tissues remain viable and infection is no longer spread- 
ing. 

• As long as surgical infections exist, surgeons must make never-ending efforts to 
control them. It may be described as a time when science and art can absolutely 
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prevent bacteria from gaining a foothold in the human body and can abruptly 
terminate their activity, if they have already become established (Frank L. 
Meleney, 1889-1963). 



23 Diabetic Foot (D.Vega, K.WestJ.M.Tellado) 

• Definition: syndrome involving pain, deformation, inflammation, infection, 
ulceration, and tissue loss of the foot in diabetic patients. 

• Pathophysiology: neuropathy, ischemia, and infection are the principal patho- 
genic factors. 

• Clinical features: neuropathic and ischemic ulcers and the infected diabetic foot. 

• Diagnosis: should identify and grade neuropathology, osteopathy, and vascular 
pathology. 

• Treatment: should relieve weight from the ulcerated area, eradicate infection 
- surgically and with antibiotics - and restore arterial perfusion. 

• Do not mistake the line of discoloration in gangrene for the line of demarcation. 
The former spreads, the later rarely moves (Augustus Charles Bernays, 1854-1907). 

• Afresh wound of failed a bypass graft procedure is not a prerequisite to ampu- 
tation (M.S.). 



24 Hand Infections (R.Saadia) 

• Determine nature and extent of infection. 

• Institute appropriate antimicrobial treatment. 

• Perform surgical debridement and drainage, if necessary. 

• Institute early measures to preserve hand function. 



25 Head and Neck Infections (M.F. JimeneZ; J. Escallon) 

• Head and neck infections are generally controlled without the need for surgical 
drainage. Progression to abscess indicates the need of intervention to achieve 
source control. 

• The clinician must identify infection and define the topographic diagnosis of 
the disease and the need for prompt and aggressive treatment. 

• The presence of a purulent collection or cellulitis in a fascial space of the head 
and neck indicates the need for drainage for source control of the infectious 
process. 



26 Vascular Graft Infections (M.S. Dahn) 

• CT scanning is currently the most useful test. 

• Infections due to methicillin-resistant Staphylococcus aureus (MRSA) and 
Pseudomonas aeruginosa are more virulent. Total graft removal is more 
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frequently required for infections involving these organisms. Infections due to 
S, epidermidis are more localized and can frequently be managed with partial 
graft removal followed by extra-anatomic or in situ reconstruction. 

• Repeated radical debridement of the tissues surrounding an infected graft as 
well as debridement of all infected arterial tissue is pivotal for the control of a 
graft infection. 

• Graft preservation is becoming increasingly popular to avoid extensive extir- 
pative procedures in association with complex extra-anatomic reconstruc- 
tions in frail patients. 

• Arterial stents represent an infrequent but potentially catastrophic source of 
sepsis. 

• Do not place your trust in the graft but also search carefully the host factors into 
which it is implanted. They may be decisive (Henry Haimovici). 



27 Bone and Joints (R.Jan, A. Goris) 

• Remove all dead tissue and scar tissue. 

• Provide optimal soft tissue conditions around the infected area. 

• Stabilize infected fractures, mobilize infected joints. 

• Antibiotics are only complementary treatment and do not replace sound sur- 
gical practice. 

• Doubt as to the condition of the wound should incline one to pessimism rather 
than to mistaken optimism (William Heneage Ogilvie, 1887-1971). 



28 Incisional Surgical Site Infections (J.T. Lee) 

• Incisional infections develop because host defenses cannot eradicate conta- 
minating pathogens. Intraoperative contamination of normally sterile tissues 
by pathogenic microbes is the most frequent antecedent of incisional infec- 
tions. 

• Detection of incisional infections relies on the fact that infection is one cause 
of wound healing failure. Infection must be ruled out when routine post- 
operative incision examination suggests that healing is not proceeding as ex- 
pected. 

• Therapy of incisional infections is based on a simple anatomical classification. 
Source control always includes an element of mechanically altering geometry 
and content of infected spaces. 

• Keep them as neat and clean as possible^ and disturb them as little as you can; 
so far as may be practicable, exclude the air; favor healing under the scab; 
and. ..feed him as you would a women recovering from her confinement (Felix 
Wurtz, 1518-1574). 

• The likelihood of wound infections has been determined by the time the last 
stitch is inserted in the wound (Mark. M. Ravitch, 1910-1989). 
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29 Timing of Intervention (U. Schoffel) 

• As a general principle, every established source of infection should be con- 
trolled as soon as possible. 

• The urgency of intervention is determined by the rapidity of the evolution of 
clinical symptoms. 

• In complicated infections, any additional insult must be kept to a minimum. 
Thus, rapid, minimally invasive, temporizing or palliative measures may be 
superior to definitive but lengthy and more traumatizing procedures. 

• If the clinical signs of infection improve, the need for intervention must be re- 
considered. There will be ample time for a thorough diagnostic work-up and 
careful planning of the therapeutic strategy. 

• The time course of an infection can never be reliably predicted in the clinical 
setting. 

• Never operate on a patient who is getting rapidly better or rapidly worse (Francis 
D. Moore, 1913-2001). 



30 Complications of Source Control (M.A. Malangoni) 

• Complications of source control often result from technical errors or local fac- 
tors that impair healing. 

• Diagnosis and drainage of local infection and correction of fluid and electro- 
lyte disorders are important for successful treatment. 

• Control of fistulous drainage and provision of appropriate nutritional support 
are important secondary goals of management. 

• Somebody's leak is a curiosity - one's own leak is a calamity. 

• Attempts to close-suture postoperative intestinal leaks is an exercise in futility 
which promotes death (M.S.). 



31 Reoperation After Source Control for Intra-abdominal Infection 

(O.D. Rotstein) 

• Timing: in general, reoperation should be delayed for several months follow- 
ing resolution of all complications arising from the source control operation. 

• Definition of the anatomy: in all reoperative cases, it is critically important for 
the operating surgeon to fully understand the nature of the prior surgeries. 

• Entering the peritoneal cavity: it is preferable to enter the peritoneal cavity 
through a “virgin area” of the abdominal wall. 

• Reoperative surgery requires comprehensive preoperative preparation of the 
patient plus skill and patience in the operating room. 

• As can be said for many issues in life, ''timing is everything" in operative manage- 
ment of these patients (T. Fabian) . 

• God, indeed, rewards those who enter the operating room with a prepared mind 
(T. Fabian). 
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• At times it seems as though there is a brain in the suction tip that allows it to 
find the perfectly appropriate adhesion plane between bowel wall and parietal 
peritoneum (T. Fabian). 

• Lysis of all small-bowel adhesions is not required because I believe that the bowel 
is ''locked in the open position'* by these chronic adhesions (T. Fabian). 

• If a granulating abdominal wound is allowed to chronically granulate.., this 
substantially increases the rate of enterocutaneous fistula development (T. Fabian). 

32 Trauma (LS. Kao, A.B.Nathens) 

• An early assessment of the extent of anatomic injury, the degree of physiologic 
derangement, and the ability of the patient to tolerate a prolonged operative 
procedure are critical in the decision-making process. 

• Primary restoration of gastrointestinal continuity may be safely achieved for 
most injuries. 

• Early source control is of secondary importance to hemorrhage control. 

• We must realize that there is no magic potion for source control following trauma. 
Antibiotics, drains, massive irrigation, and colostomy all play limited and 
secondary roles (E. Frykberg). 

• On fistula from an injured abdominal viscus: This new symptom, although in 
general very disagreeable, will not be dangerous, for all the danger is over be- 
fore it can appear' (John Hunter, 1728-1793). 

• Shock from severe wounds and hemorrhage always must take precedence of 
everything else (William W. Keen, 1837-1932). 

• Simple closure of a wound of the colon, however small, is not warranted (Wil- 
liam Heneage Ogilvie, 1887-1971). 



33 The Burn Wound (A.LDunican,W.G.Cioffi) 

• Important risk factors for the development of burn wound infection include 
patient age, comorbidities, and extent of the burn. 

• Burn wound sepsis is prevented through use of topical antimicrobials, early 
excision of the burn eschar, and barrier isolation precautions. 

• Differentiation between wound colonization and invasive infection can be 
made by biopsy of the burn wound. 

• Treatment of burn wound infection entails use of subeschar clysis and excision 
of the burn wound. 

• Infection remains the most common cause of death in extensively burned patients 
even though invasive burn wound sepsis has been "controlled" by current tech- 
niques of burn wound care (B.A. Pruitt, Jr). 

34 Organ Transplant Patients (I. Pruett) 

• Transplant recipients frequently have surgical infections, requiring prompt 
control of the graft-host interface. The decision to invoke an operative or in- 
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terventional radiological or endoscopic approach is dependent upon patient 
factors. Control of the source of the infection is key to successful resolution. 

• Superinfection or concomitant systemic viral or fungal infection is common. 

• The patient’s underlying comorbid diseases and nutrition are significant de- 
terminants of the successful management of surgical infection. 

• Removal of the allograft and the cessation of immunosuppressive agents is rarely 
required, but an option which needs to be contemplated. 

• The human body is the only machine for which there are no spare parts (Her- 
mann M. Biggs). 



35 Tertiary Peritonitis (R.G. Sawyer) 

• The term “tertiary peritonitis” has been applied to describe recurrent infec- 
tion of the peritoneal cavity after a prior episode of secondary peritonitis. 

• As tertiary peritonitis progresses, the opportunity for aggressive open surgi- 
cal intervention decreases, and minimally invasive procedures are favored. 

• The organisms associated with tertiary peritonitis are nosocomial in origin, 
often difficult to treat, but sometimes of unclear pathological relevance. 

• Tertiary peritonitis is rarely cured rapidly and frequently requires long reha- 
bilitation and secondary procedures weeks to months after initial presentation. 

• I have frequently thought that apart from Tertiary PeritonitiSy there was not 
very much more we needed to study about the management of intraperitoneal 
infection (J.L. Meakins). 

• Correct application of initial therapy, proper application of algorithms such as 
that presented and optimal clinical care will make Tertiary Peritonitis a rare 
entity (J.L. Meakins). 



36 The Role of Laparoscopy (P. Gorecki) 

• Laparoscopic evaluation of peritoneal cavity enables magnified visualization 
of peritoneum and intra-abdominal organs with less tissue trauma as compared 
to laparotomy. 

• Laparoscopy detects the presence of pus, feces, bile or blood - facilitating the 
detection of the source of intra-abdominal pathology and estimates its sever- 

• Whether the therapeutic procedure is laparoscopic or conventional depends 
on the findings, the patient’s condition, and the complexity of the planned pro- 
cedure. 

• Source control is most necessary for patients with the most severe assault on 
their peritoneal defense mechanisms and systemic sepsis. These however are 
the patients least likely to do well with a laparoscopic approach (Z.H. Krukow- 
ski). 

• Attempting translap aroscopic management of complicated postoperative peri- 
tonitis is like making love to a fully dressed harem woman (M.S.). 
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37 Pediatric Surgery (G. Pitcher) 

• The systemic response to sepsis in early life is different. 

• The main challenge in abdominal source control is necrotizing enterocolitis 

• The peritoneal cavity of newborns can be effectively drained. 

• Nonresective management of pan-necrotizing enterocolitis is a viable option. 

• The management of a child with a surgical infection does not differ from that 
in an adult What makes the philosophy of source control in pediatric surgery 
considerably different is the approach to the newborn and specially to the pre- 
mature one (W.J. Gorecki). 



38 The AIDS Patient (S.Sajja,V. Parithivel) 

• Abdominal complaints are extremely common in the HIV population and cli- 
nical evaluation is often difficult. Serial clinical evaluation and frequent use of 
CT scan are essential to prevent nontherapeutic interventions 

• Early diagnosis and prompt intervention are essential for non-HIV-related 
surgical pathology such as acute appendicitis and cholecystitis. Surgical inter- 
vention is also essential for complications of opportunistic infections such as 
cytomegalovirus(CMV) perforation. The morbidity and mortality for surgical 
procedures depends on the stage of the HIV disease and the nature of patho- 
logy. 

• Surgical interventions should not be denied to this population because of the 
risk of occupational transmission and the fear of high complication rates. Relief 
of symptoms and improvement in quality of life are the chief considerations. 



39 Clinical and Radiographic Assessment (M.R Fink) 

• Unfortunately, there is no single test that can provide the clinician with a clear 
answer to the question: has adequate source control been achieved? 

• If ongoing intra-abdominal infection is suspected on clinical grounds, then an 
imaging procedure (usually computed tomography) should be performed prior 
to undertaking operative intervention. 

• In today's world, likely the best tool for diagnosis in intra-abdominal sepsis is 
the 3rd-generation CT scanner. Not only can the scanner detect 'leaks”, it can 
also demonstrate rather subtle amounts of edema resulting from inflammation 
or infection (R.A. Mustard Jr.). 



40 Monitoring the Course of Inflammation (A. Bauhofer, W. Lorenz) 

• Complications resulting from inadequate source control result in a systemic 
inflammatory response; this response can be detected through changes in cir- 
culating levels of a variety of inflammatory mediators, including cytokines 
such as procalcitonin (PCT) and interleukin-6 (IL-6). 
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• Systemic inflammation is also manifested in changes in cellular expression of 
surface molecules such as HLA-DR and the receptor for TNF, and in the ability 
to generate cytokines in free response to microbial stimulation. 

• Immunological monitoring of the high-risk patient holds the promise of earlier 
detection of correctable complications and so may lead to improved clinical 
outcomes. 



41 Empiric Reexploration - Is There a Role? (P.A. Lipsett) 

• The need for relaparotomy significantly worsens outcome. 

• Planned reexploration of all surgical patients with signs and symptoms of in- 
fection will result in a small number of lives saved but at the cost of significant 
harm to others. Clear indications for planned relaparotomy do not exist. 

• Reexploration based on localized radiological or physical findings may be 
beneficial; directed percutaneous therapy may also be beneficial. 

• Undirected relaparotomy for MODS alone without supporting clinical or 
radiological data results in a 50 % - 90 % rate of negative explorations, without 
clear evidence of benefit. Supportive clinical data include prolonged ileus and 
pain, wound infection, and positive peritoneal signs. A computed tomographic 
scan is the most important radiological tool in the decision-making process 
for relaparotomy. 

• The last man to see the necessity for reoperation is the man who performed the 
operation (Mark M. Ravitch, 1910-1989). 

• Early reoperation is a double-edged sword; we still have to learn how to use only 
the edge facing the enemy - the uncontrolled source (M.S.). 



42 Planned Relaparotomies and Laparostomy (M. Schein, R. Paladugu) 

• A planned relaparotomy may be life-saving when the source cannot be ad- 
equately controlled during the first-index operation. 

• The first week after the index operation - before the infective process has be- 
come localized and detectable by CT - offers a window of opportunity for 
planned relaparotomies. 

• When the source is controlled and infection localized, a “direct” on-demand 
approach is safer. 

• Laparostomy is indicated and beneficial when the abdomen cannot be closed 
or cannot be closed without creating significant intra-abdominal hyperten- 
sion. 

• Excessive or unnecessary relaparotomies may be harmful. 

• A negative relaparotomy is better than a positive autopsy but is noU never- 
theless, a benign procedure (Roger Saadia). 
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43 Antibiotics as an Adjunct to Source Control: 

Revised Surgical Infection Society Guidelines for Antimicrobial 
Therapy of Intra-abdominal Infections 

(J.E. Mazuski, R. Sawyer, A. Nathens, J. DiPiro, M. Schein, K.A. Kudsk, C. Yowler) 

• Antimicrobial therapy is an adjunct to primary source control procedures in 
treating patients with intra-abdominal infections. 

• Therapeutic antimicrobials (< 24 h) are required only for patients with estab- 
lished intra-abdominal infections. Patients with limited exposure to contami- 
nation from a perforated viscus and those who have a removable focus of in- 
flammation should be treated with prophylactic antimicrobials only (> 24b). 

• Therapeutic antimicrobials for intra-abdominal infections should generally 
be limited to no more than 5-7 days. Ongoing clinical evidence of infection 
should prompt a search for a new or recurrent infection rather than arbitrary 
prolongation of antimicrobial therapy with new or different agents. 

• Antimicrobial regimens for intra-abdominal infections should cover common 
aerobic and anaerobic enteric flora. A number of different regimens are avail- 
able, but the choice of antimicrobials for most patients with community- 
acquired infections should be dictated primarily by considerations of cost, 
convenience, and potential toxicity. 

• Patients at high risk for therapeutic failure include those with preexisting 
physiological compromise and those with difficult-to-treat organisms, which 
many times have been acquired nosocomially. Antimicrobial therapy may 
need to be intensified in some of these patients to cover resistant Gram-negative 
aerobic organisms, enterococci, and yeast. 

• Our arsenals for fighting off bacteria are so powerfuL.that we're in more danger 
from them than from the invaders (Lewis Thomas). 

• The most novel antibiotics and the best supportive care are meaningless - if 
principles of source control are not adhered to with obsessiveness (M.S.). 

• Antibiotics for the fool is a tool which appears cool. But somebody pays the price 
as a rule (M.S.). 

• Sepsis is not an antibiotic deficiency syndrome (J.M.). 



Dear colleague, the book was long but the final message to take home is short and 
simple: be prompt, bold, and radical but know when not to be bold and radical 
and remember that what you could not finish today, you can and have to do to- 
morrow. We hope that at least part of the book was enjoyable and of some use to 
you. Please send us any comment or criticism - we will reply. 



Moshe Schein, New York 
(mscheini@mindspring.com) 

John C. Marshall, Toronto 
(john.marshall@uhn.on.ca) 
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cardiopulmonary dysfunction 75 
cardiovacular response 20 
CARS (compensatory anti-inflammatory 
response syndrome) 74 
catheter 27 

- central venous, infection 46 

- intravascular 47 

- portacath-type reservoir 47 

- removal 32 

- Salem Sump tube catheter 88 
CBD (common bile duct) 96 
CD4+-cell 370 

cecum, perforated 55 
cellulitis 208,209,213,215 
cephalosporin, third-generation 76, 235 
Charcot 

- disease 219 

- triad 144 
cholangiography 145 

- intraoperative 144 
cholangiopancreatography 

- endoscopic retrograde (ERCP) 61, 145, 
374 

- magnetic resonance (MRCP) 145 
cholangiopathy, AIDS 374 
cholangitis, acute 144 

- algorithm 147 

- clinical sign 144, 145 

- diagnosis 145 

- treatment 145, 146 
cholecystectomy 55 

- conversion rate 144 

- laparoscopic 143, 144, 146, 149 

- open 146 

- subtotal 152 
cholecystitis 70 

- acute acalculous (A AC) 142 

- acute calculous (ACC) 142 

- AIDS 373,374 

- algorithm 146 

- laparoscopy 351,352 

- therapeutic steps 143, 144 

- treatment, timing 146 
cholecystostomy, percutaneous 1 44, 1 49 
choledochoduodenostomy 55 
choledocholithiasis 56,151 
cholelithiasis 142 



cholestasis 77 
cirrhosis, liver 56, 87, 1 50 
Clostridium 104,210,212 

- C difficile-2iSSOciated collitis 76 

- C. septicum 74 
closure 

- ostomy 306-308 

- primary, esophagus perforation 193 

- single-layer versus two-layer 98 

- stoma 304 

CLP (cecal ligation and puncture model) 17 

- hyperdynamic phase 17 

- hypodynamic phase 18 

- mortality 23 
coagulopathy 56, 152 
colitis 

- antibiotic-associated 76 

- Clostridium d/j^cz7e-associated 76 

- Cytomegalovirus 380 

- ischemic 187 
colon 445 

- anastomosis, leakage 60,289 

- bacteria 103, 104 

- cancer 55 

- diverticula 103 

- injury 61,314,315 

- lavage, intaoperative antegrade 111 
-perforation 103,105-108,352,353 
colonization 

- pathologic GI 23 

- wound 326, 327 

colostomy 56, 105, 108, 112, 122,303,314 

- for pelvic-perineal injury 321 
coma 77 

compartment 

- carothid sheath 241 

- ischiorectal 116 

- masticator 241 

- parapharyngeal 241 

- retropharyngeal 241 

- submandibular 241 

- visceral 241 
compartment syndrome 211 

- abdominal 41,71,73,75,110 

- extremity 75 
contamination 

- bacterial 57, 60, 63 
- sequelae 280 

- intraabdomianal 31 

- operative 87 

- peritoneal 11,36 
contrast injection 32 
corticosteroid management, chronic 56 
Corynebacterium 219 
cricothyroidotomy 245 
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Crohn *s disease 30, 56, 1 25 
CRP (C-reactive protein) 260, 267, 387, 402 
cryptoglandular disease 375 
Cryptosporidium 373, 374, 380 
CT-scan 25, 29, 61, 63, 68, 143, 180, 243, 247, 
254, 342,343,390,406,419 
cyst, hydatic, liver 1 67, 1 7 1 - 1 73 
cytokine 9,353,385 

- expression 395 

- proinflammatory 17,18,326 
Cytomegalovirus 191, 369, 372, 373, 376 

D 

damage control 320 

debridement 13, 36-45, 62-65, 74, 156, 443 

- arthroscopic 265 

- diabetic foot 223 

- esophagus perforation 193 

- peritoneal 36 

- aggressive 39, 40 

- critical factors and decision making 41, 
42 

- radical 37, 43 
-rationale 38,39 

- thoracoscopic 203 
decontamination, antimicrobial 100 
decortication 203 

defibrillator 47 
dehiscence 294 
dentate line 116 
device removal 46-52, 443 

- critical factors and decision making 49, 50 
diabetes 118 

- type 11 138 
diabetic foot 449 

- algorithm 111 

- classification, table 219 

- critical factors and decision making 227, 
228 

- diagnosis 229, 230 

- infected 219 

- pathophysiology 217,218 

- revascularisation 231 

- source control 230,231 

- treatment 220-226 

- amputation 223-226 

- antibiotic 222, 230 

- local 220 

- surgical 222-223 
-Wagner scale 219 

diagnostic technique, molecular 52 
diuresis, osmotic 75 
diversion 43 

- esophageal 199 
diverticula, colonic 103 



diverticulitis 29, 62, 65, 70, 1 1 1 , 287 

- rupture 60 

- sigmoid 12,15,72 

- perforated 55, 56 
drainage 25-35, 62, 443 

- abscess 66,115 

- critical factors and decision making 26 

- esophagus perforation 193 

- external 55 

- failure, recognition 27, 28 

- gravity drainage 27 

- laparoscopic 64, 169 

- nasobilliary 145 

- open peritoneal (laparostomy) 37, 39, 73, 
87,413-426 

- open surgical 26,34,170 

- Penrose 121,158 

- percutaneous 12,15, 26, 34, 64, 66, 68, 69, 
72,159,169,343 

- transhepatic billiary 145 

- presacral 119,122,317,318 

- prophylactic 32,33 

- selection of drains 28-30 

- source control 321 

- success, criteria 27 

- T-tube 55 

- technique 26,27 

- transrectal 30 

- transvaginal 30 
duodenum 93, 94, 96-98, 100 

- diversion 97 

- fistula 291,314 

- injury 100,313,314 

- perforation 
-post-ERCP 61 

- procedure 102 

DVT (peripheral deep venous thrombosis) 
138 

dysfunction 

- hepatocellular 18 

- multiple organ 347 

E 

Echinococcus granulosus / multilocularis 
171 

edema, tissue 75 
ELISA 171 
embolectomy 181 
embolism 

- arterial 178,179 

- pulmonary 354 
empyema, pleura (see pleura) 
endocarditis 48 
endotoxemia 17, 19 
endotoxin 1 8, 22, 395 
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Entameba histolytica 170 

enterobacteriaceae 75 

Enterococcus 75, 219, 343, 347, 433, 435, 441 

- source control 295 

enterocolitis, necrotizing (NEC) 361, 362, 

366 

ERCP (endoscopic retrograde cholangiopan- 
creatography) 145, 374 

- post-ERCP perforation of the duodenum 
61 

erysipelas 1 1 8, 208, 209 
erythema 246 

Escherichia coli 104, 168, 219, 248, 343 
esophagectomy 193 
esophagus 448 

- atresia 363,364 

- perforation 191-200 

- critical factors and decision making 192 

- diagnosis 197 

- iatrogenic injury 191 

- management options 1 92- 1 94 

- mortality 192, 197 

- operation 198, 199 
- leakage 291 

- time 197 
etappenlavage 404 
examination, clinical 385 
exteriorizing 105, 106, 108 
extraperitoneal approach 73 

- versus transperitoneal 35 



fasciitis, necrotizing 1 4, 70, 7 1 , 1 1 7, 1 1 8, 209, 
211,215,239,272 

- cervical 242 
felon 234 
fever 385,386 

finger tip infection 233, 234 
fistula 

- abdominal 65 

- algorithm 293 

- anocutaneous 
-chronic 115 
-with abscess 116 

- aortoduodenal 98 

- bronchopleural 203,204 

- closure, spontaneous 290 

- duodenum 291,314 

- drainage 290 

- gastrocutaneous 95 

- intestinal 44,291,292 

- low volume 31 

- mucous 106 

- pancreas 292 

- perianal 114 



- source control 293, 294 

- supralevator 117 

- technical causes 289 

- transsphincteric 117 

- types 298,299 

- vascular graft 252 
flap 

- diaphragm 199 

- long posterior 225 

- muscle 199 

- intercostal 204 

- pericardial 204 

- pleural 204 

- skin 203 
fluid overload 75 
folliculitis 209 
foreign body 

- colonized 65 

- source control 321 

Fournier^s gangrene 114, 117, 118, 138,208 

fracture, compound 261-264 

free air 102 

fundus 94-96 

furuncle 208, 209 

G 

gallbladder 65,446,447 

- infection 72 

- perforated 55 
gallstone 69, 142 
gangrene 

- Fournier's 1 14, 117, 118, 138, 208 

- Meleney's 208 
gastrectomy 55 

- partial 102 
gastric 93-102,445 

- banding 135 

- cancer 95 

- perforated 100 

- resection 55,95 

- ulcer (see there) 
gastritis 100 

gastroenterostomy, Roux-en-Y 95, 135, 314 

gastrografin 298 

gastrojejunostomy 97,314 

gastroplasty, vertical banded 135 

gastrostomy 97 

GharbVs classification 173, 176 

glandular crypt 116 

glucocorticoids 395 

GoodsalVs r\ji\e 116 

granulation tissue 111 

guidelines on antimicrobial therapy. Surgical 

Infection Society 427-436, 439-449 

gynecological pathology, laparoscopy 35 1 
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H 

hytatid disease 167, 171-173 
Haemophilus influenza 260, 265 
hand infection 233-239, 449 

- algorithm 237 

- anatomical classification 233 

- antibiotic treatment 235 

- critical factors and decision making 236 

- finger tip infection 233,234 

- hand function, preservation 236 

- surgical treatment 235,236 
Hartmann's procedure 66, 1 12, 301, 307 
head infection 240-245, 449 

- critical factors and decision making 242, 
243 

Helicobacter pylori 65, 95 

- eradication 98, 100 
hemicolectomy, right 55 
hemodynamic 

- functional exam 220 

- instability 77 

hemorrhage, trauma, two-hit model 1 8, 320 

hepatic cirrhosis 56, 87 

hepatitis B/C 376 

hepatocellular depression 18 

hernia 

- abdominal wall 65,74,298,299,310,311 

- parastomal 304 

- source control 294 
Herpes simlex 191 
high-risk patient 150 

- antimicrobial therapy 433-436 
Hirschsprung's disease 363 
histamine receptor antagonist 100 
HIV 369 

HLA-DR 402,403 
host 

- defense 9,280 
- peritoneal 72 

- dysregulated response 71 
humoral barrier 9 
hydrostatic pressure, tissue 57 
hyperbaric oxygen 212, 268 
hyperbilirubinemia 142 
hyperglycemia 75 
hypertension, portal 152 
hyperthermia 319 
hypoalbuminemia 56, 75 
hypovolemia 56,71,75 
hypoxemia 77 

I 

ileocecal perforation 56 
ileostomy 303 

- protective diverting 87 



ileus 74,391 
imaging 63,387,388 

- technique 25 
Imipenem 163 
immune 

- activation 23 

- parameters, normal range, table 394 

- response 22 
immunoglobulin 361 
immunosuppression/immunosuppressive 

agent 325, 332 

- avoiding 320,321 
impetigo 208,209 
incision, surgical 72 

- infection 270-276,450 
infection 

- anus 114-118,445,446 

- biofilm 52 

- bone 259-269,450 

- central venous catheter 46, 47 

- critical factors and decision making 12 

- subfascial space 234 

- device-related 46 

- gram-negative 48 

- implantable 47 

- removal 49 

- table 48 

- ventricular assist 47 

- finger tip 233, 234 

- focus, surgical or mechanical control 14 

- general 71 

- hand 233-239,449 

- head and neck 240-245, 449 

- host response 37,38 

- human bite 234 

- incisional 270-276,450 

- intra-abdominal 1 0, 1 1 , 24, 40, 42, 57, 59, 
71,104 

- definitive versus temporizing therapy 
54-61 

- algorithm 58 

- non-operative treatment 12 

- invasive 326, 327 

- joint 259-269,450 

- metastatic 9 

- mycotic 202 

- nosocominal 71,74-76 

- opportunistic 371 

- pancreas {see pancreatitis) 

- perianal 121 

- necrotizing 122 

- peritoneal 41 

- rectum 114-118,445,446 

- scoring system 10 

- secondary 170 
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- soft-tissue 71,74,208-218,448,449 

- source 10, 88, 279, 280 

- Staphylococcal infection, coagulase- 
negative 48 

- surgical site 270-276 

- transplant 335 

- uncontrolled 72 

- urinary tract 137,138,140 

- vascular graft 246-258,449,450 

- viral (see also virus) 338 

- wound 137,294 
inflammation / inflammatory 

- peritoneal 38 

- fluid 1 1 

- response 361,394,395 

- systemic inflammatory response syndrome 
(SIRS) 23, 47, 50, 74, 151, 194, 361, 392, 
401,444 

injury / trauma 3 12-323, 452 

- abdominal 87 

- anus 114,118-120,122 

- bowel 313 

- colon 314,315 

- colonoscopic 61 

- critical factor and decision making 318, 
319 

- duodenum 100,313,314 

- esophagus 191 

- gastric 313 

- needle-stick 376 

- pancreatic 96 

- rectum 114,118-120,122,315,317,318 

- reperfusion 186 

- source control 315,316 

- diagram 318 
interleukin 394 

intervention, timing of 279-2S7y 45 1 

- critical factor and decision making 283, 
284 

- diagnostic delay 281,286 

- insult 281,286 
intestine 

- large 292 

- proximal small 93,94,97,98 

- fistula 291 

intubation, fiberoptic 245 
intussusception 366 
irrigation 27 

- distal rectal 317,318 

- esophagus perforation 193 
ischemia 75,77 

- bowel 179 

- small-bowel 100 

- limb 258 

-mesenteric 70,178-190,447,448 



- algorithm, management 184 

- angiographic findings 180 

- differentiating, fuMe 179 

- early mangement 1 8 1 
-etiology 178,179 

- nonocclusive (NOMI) 178,179 

- operation 188 

- postoperative management 183 

- radiological evaluation 180 

- second look procedure 182, 183 

- tissue 72 
Isospora 380 

J 

jaundice 142 

joint infection 259-269,450 
K 

Kaposi's sarcoma 372, 379 
ketoacidosis 75 
kidney transplantation 333 
Klebsiella 104,168,219 
Kupffer cell 38 

L 

laparatomy, exploratory 34, 35 
laparoscopy 

- algorithm, source control 355 

- applications 351 

- bariatric procedure 139, 141 

- critical factors and decision making 355, 
456 

- diagnostic 357 

- laparoscopic leak syndrome 136, 137 

- role 350-359,453 

- special problems 353, 354 

- therapeutic 358 
laparostomy 37,39,73,87,412-426 

- antibiotic therapy 418,419 

- indications 414,421 

- results, complications 416,417 

- technical considerations 414,415 

- terminating 415,416 
lavage 

- continuous 87 

- extensive 89 

- intraoperative 45, 87, 92 
-antegrade 111,112 

- postoperative 36,39,91 

- antibiotic 40, 44 

- continuous 39, 88 
leak 

- algorithm 293 

- colonic anastomosis 60 

- technical causes 289 
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- gastric bypass 95 

- gastrointestinal 25 

- after bariatric operation 134-141 

- laparoscopic leak syndrome 136,137 
learning curve 136 

left ventricular dysfunction 75 
leukocytosis 326,386 
limb, ischemic 258 
liver 

- abscess 167-177,447 

- amebic 170, 176 

- multiple 35 

-pyogenic 167-169,175,176 

- cirrhosis 56, 87 

- hydatid cyst 167,171-173 

- Gharbi's classification 173, 176 

- laparoscopic approach 173 

- transplantation 334 
Ludwig.s angina 242 
lymphoma 379 

M 

macroangiopathy 218 
macrophage, hepatic {Kupffer cell) 38 
malignant disease, metastatic 87 
malnutrition 56, 75 
Mannheim Peritonitis Index (MPI) 88 
marker, humoral 402,403 
Mebendazole 171 
mediastinitis 1 9 1 , 1 94, 200 
megacolon, toxic 373 
Meleney's gangrene 208 
mesh, absorbable 294 
Metronidazole 76, 170 
microangiopathy 217,218 
microbe, microorganism 9 

- systemic absorption 38 
Microsporia 374 
microvascular permeability 75 
MirizzVs syndrome 142 
monitoring 392-403, 454, 455 

- clinical practice 397 

- immune response, parameters 393 

- systemic or local measurement 393, 394 
MRCP (magnetic resonance cholangio- 
pancreatography) 145 

MRI (magnetic resonance imaging) 68, 143, 
247 

mucormycosis 211 
multiple organ dysfunction syndrome 
(MODS) 71,74,77,406 
Murphy's sign 142 
Mycobacterium 

- M. avium 374, 380 

- M. marinum 265 



myonecrosis 64, 70, 208, 209, 2 1 2 
myositis 118,216 

N 

NEC (necrotizing enterocolitis) 361, 362, 366 
neck infection 240-245, 449 

- anatomy 240 

- critical factors and decision making 242, 
243 

- spaces, classification 241 
necrosectomy 69 
necrosis 

- colonic 76 

- gastrointestinal tract 87 

- myonecrosis 64,70,208,209,212 

- pancreatic 28,156 

- peripancreatic 64, 156 

- retroperitoneal 155 

- skin 210 

- sterile 156, 161 

needle aspiration, percutaneous 170 

needle-stick injury 376 

neoplasm, intestinal 87 

Neopterin 402 

nephrotic syndrome 87 

neuropathy, diabetic peripheral 217,218 

nuclear imaging 247 

nutrition 298 

- parenteral 44 

- total (TPN) 301 

O 

omental patch 55,96 
omentopexy 100 
omentoplasty 176 
open abdomen 73 

optimization, preoperative, length 282, 283 
organ transplant patient 332-340 

- clinical signs and symptoms 333 
orthopedic 

- hardware 47 

- surgery 275 

osteitis, posttraumatic 260-265 

- diagnosis 261 

- treatment 261-264 
osteomyelitis 220, 22 1 , 232 

- acute hematogenous 260 

- definition 259, 260 
ostomy, closure 306-308 

P 

pacemaker, implanted 47 
pain 

- abdominal, AIDS 371,372 

- acute, laparoscopy 351 
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pancreas 447 

- exocrine / endocrine function 157 

- fistula 292 

- injury 96 

- transplantation 334 
pancreaticoduodenectomy 97, 100 
pancreatitis 69 

- antibiotics 155,156,162,163 

- diagnosis 155, 156 
-necrotizing 154,155,424 

- acute 28, 59 

- algorithm 160, 164 

- infected 159 

- operation 156-159 

- sterile 155,161 
panniculitis 209,211 
papaverine 181, 183 
papricasign 268 
paronychia 233 
patch 

- omental 55,96 

- Wittmann patch 110 
pediatric surgery 360-367, 454 

- abdomen 361-363 

- empyema 364,365 

- esophageal atresia 363,364 

- Hirschsprung^s disease 363 

- inflammatory response 361 

- source control, ml7/e 360 
Penrose drain 121, 158 
Peptostreptococcus 104 
perforation 72,76 

- appendicitis 54 

- cancer, colon / gastric 55 

- colon 55,103,105-108 

- exteriorizing 105, 106, 108 
-laparoscopy 352,353 

- necrotic 106, 108 

- source control 108 

- transmural ischemic 106, 108 

- traumatic 106, 108 

- esophagus 191 (see ) 

- gallbladder 55,56 

- gastric 100 

- ulcer, benign 55, 95 

- ileocecal 56 

- peptic ulcer 55,57,61,65 

- post-ERCP perforation of the duodenum 
61 

- retroperitoneal 74 

- sigmoid diverticulitis 55-57 

- stomach 93 
pericystectomy 171 
scolicidal agents 171 
perineum 117 



peritoneal 

- cavity, entering 304,305 

- dialysis 87 

- toUet 36-45,76,111 

- critical factors and decision making 41, 42 
peritonitis 11,17, 44, 57, 59, 60, 104, 1 1 1, 182 

- acute secondary, source control 55 

- algorithm for management 195 

- animal model 24 

- diffuse 25,69,87-92,112,444,445 

- critical factors and decision making 89, 
90 

- treatment 70 

- fecal 413 

- generalized 72, 126 

- human 24 

- immediate operation 297 

- Mannheim peritonitis index (MPI) 88 

- mortalitiy 105 

- nosocominal 76 

- persistent 87 

- postoperative 59 

- primary 87 

- rodent model 24 

- secondary 87,407 

- tertiary 87,341-349,453 

- abdomional imaging 342, 343 

- algorithm 345 

- characteristics, table 342 

- critical factors and decision making 345 

- management options 343 

- microbiology and antibiotics 343, 344 

- percutaneous sampling 343 

- treatment, future 425,426 

- trials 40 
phagocytosis 401 
phlebitis, septic 138 
phlegmon 60,215 

- appendiceal 124-126 
physical barrier 9 
pleura empyema 448 

- AIDS 375,376 

- algorithm 364 

- exudative / acute phase 201,206 

- fibropurulent / transitional phase 201,202 

- organizing / chronic phase 202 

- para- / postpneumonic 202, 203, 206 

- pediatric surgery 364, 365 

- postpneumectomy 204 

- postresectional 203, 204 
pneumonia 76,391 

- bacterial, AIDS 380 

- source control 295 
pneumoperitoneum, CO 2 354 
pneumothorax 202, 364 
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polysaccharide matrix 52 
pregnant patient, laparoscopy 354 
preparation, preoperative 12 

- mechanical colonic 15 
pressure, intraabdominal 73, 103 

- increased by laparoscopy 353 
procalcitonin 392 

Proteus 104,168,219 

- P. mirabilis 248 
proton pump inhibitor 100 
Pseudomonas 265,267,326,327,329 

- P. aeruginosa 75, 76, 215, 246, 248-250, 
261,347 

pulmonary complications 134, 135, 139 
-AIDS 375,376 
purpura fulminans 210 
pyloric exclusion 97 
pyloroplasty 55 

R 

radiological guidance 31 
Ranson score 155 
rectum 307,445,446 

- infection 114-118 

- trauma 114,118-120,122,315,317,319 
reexploration 

- empiric 404-411,455 

- algorithm 407 

- clinical decision making 405, 406 

- controversies and changing practice 
407,408 

- mandatory 158, 161 
relaparotomy 

- emergency 297 

- planned 455 

- antibiotic therapy 418,419 

- critical factors and decision making 
419 

- definition and rationale 412, 413 

- indications 413, 421, 424, 425 

- scheduled 158 
renal failure, chronic 56 
reoperation 300-311,451,452 

- preparing 301,303 

- scheduled 36,37,40,41 

- algorithm 42 

- staged 44 
reperfusion 75,77 
resection 

- gastric 55,95 

- sigmoid {see there) 
respiratory distress syndrome 56 
retrocolic gutters 157 
revascularisation 231 

Roux-en-Y gastroenterostomy 95, 135, 314 



S 

Salem Sump tube catheter 88 
sandwich technique 415,416 
sarcoma, KaposVs 372, 379 
Scarpa*s fascia 215 
scintigraphy, hepatobilliary 1 43, 1 49 
second look procedure 1 82, 1 83, 3 1 6 
sepsis 56,71,250 

- abdominal 60 

- biology 23 

- burn wound 325, 326 

- cecal ligation and puncture model 
{see CLP) 

- hyper- / hypodynamic stage 20 

- infectious / non-infectious models 22 

- pathobiology 17 

- perianal, AIDS 375 

- polymicrobial 17,20,22 

- rare causes 138 

- sepsis syndrome 9 

- source control 295 

- surgical 22 
sequestra 267 
Seratia 265 
shock 

- endotoxic 1 7 

- septic 20 
short-gut syndrome 97 
shunt, ventriculoperitoneal 47 
sialoadenitis 

- chronic submandibular gland 242 

- suppurative 242 
sigmoid 

- colon, perforated 55,57 

- resection 30 

- elective 66 

- one stage 1 1 1 
-primary 112 

sigmoidostomy 

- defunctioning 114 

- diverting 119,122 
sinus, chronic 115 

SIRS (systemic inflammatory response 
syndrome) 23, 47, 50, 74, 151, 194, 361, 
392,401,444 
skin 

- graft 310 

- infection, AIDS 375 

- necrosis 64,210 

- primary closure 271 

- protection 298 
sludge 143 

soft tissue infection 70, 74, 208-2 1 6, 448, 449 

- abscess 70,215 

- AIDS 375 
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- algorithm 213 

- antibiotics 211 

- critical factors and decision making 212, 
213 

- layers, table 209 

- microbiology 210,211 

- mortality 209 

- necrotizing 210 

- operative treatment 211,212 
somatostatin 155 

source control 9 

- complications 288-299,451 

- experimental models 17-24,442,443 

- table 19 

- failure, consequences 71-83,444 

- intervention 

- aims 279 

- contraindications 283 

- urgency 283 
sphincter, external 116 
splenectomy 380 
splenic abscess 374 
stabilization, physiologic 63 
Staphylococcus 326 

- antimicrobial therapy 435 

- infection, coagulase-negative 48 

- S. aureus 48-50,52,76,202,215,234,248, 
253,259, 260,265,329, 343 

- methicillin-resistant 75, 246, 273 

- S. epidermidis 76,247,248,251,347 

- S. pneumonia 202 

- S. pyogenes 202 
stapled technique 307 

- versus hand-sewn anastomoses 316,317 
STAR ( staged abdominal repair) 106-1 08, 

110,413 

stasis, upper gastrointestinal 100 
stent 

- endoluminal 252 

- placement 145 
stoma, intestinal 73 

- closure 304 
stomach 93, 100 

- source control 94,291 
Streptococcus 210,215 

- A/B 118 

- S. faecalis 248 

- S. viridans 248 

- Peptostreptococcus 104 
stupor 77 

subfascial space, infection 234 
sublingual space 241 
suction, water-seal 27 
surgical site infection, incisional 270-276, 
450 



- decision making algorithm 273 

suture line healing, cause of failure 288, 289 
syndromes / diseases (names only) 

- Boerhaave*s syndrome 191,197 

- C/iflrcof‘s disease 219 

- Cro/m‘s disease 30,56,125 

- Hirschsprung's disease 363 
synovia 259 

T 

tenosynovitis 208,209 

- pyogenic flexor 234, 238 
thoracic transplantation 334, 335 
thoracoplasty 203 
thoracotomy 203,207 
thrombectomy, venous 181 
thrombocytopenia 77 
thrombosis 

- arterial 178, 179 

- peripheral deep venous (DVT) 138 

- induced by laparoscopy 354 

- venous, mesenteric (MVT) 178, 179, 181 
timing of intervention 279-287, 451 
tissue 

- devitalized 64 

- subcutaneous 64 

TNF (tumor necrosis factor) 18, 23, 392, 394, 
402 

toilet, source control 320 
tonsillectomy 243 
toxin 15 

tracheostomy 245 
transplantation 452, 453 

- critical factors and decision making 336 

- kidney 333 

- liver 334 

- pancreas 334 

- thoracic 334, 335 
trauma {see injury) 

trials, prospective randomized controlled 
(rcts) 13 
tuberculosis 202 
tumor, necrotic 28 

U 

ulcer 

- chronic 217 

- neuroischemic 218 

- neuropathic 218 

- perforated 101 

- benign gastric 55, 95, 98, 102 

- duodenal 102 
-peptic 55,57,61,65,353 

- prepyloric 102 
ultrasonography 25, 68, 142, 145 




468 



Subject Index 



ureter 336 

urinary tract, infection 137, 138, 140 
urinoma 333 

V 

vagotomy 55 

- high selective 102 

- truncal 102 
Vancomycin 48,76 

vascular graft infection 246-258, 449, 450 

- algorithm 254 

- clinical presentation and diagnostic 
methods 246-248 

- complete graft preservation 249,250 

- critical factors and decision making 254 

- endoluminal stent 252,253 

- microbiology and antibiotic therapy 248, 
249 

- partial graft excision 250 

- source control 249 

- total graft excision 251,252 
vasodilators, splanchnic 1 8 1 



virus 

- Cytomegalovirus 191,369,372,373,376, 
380 

- Herpes simlex 191 

- HIV 369 
volvulus 70 

W 

Wagner scale 219 
washout, rectal 1 1 9, 1 22 
Whipple-procedme 97 
white blood cell scan 68 
Wittmann patch 110 
wound 

- burn wound (see there) 

- colonization 326, 327 

- dressing 269 

- healing 56 

- infection 137,294 
- sternal 334 

- irrigation 269 

- perineal 212 




